c  (  dr  rd 

CCS® 

Zj 

p 

n0im 

p 

cccclc 

c^jjc  cri  ccccQ 

sR^jp  ^EmCiCSZtC  ^SSTTl 
^EEi^rmoDsc  ^o^cora 

f  ^  ^r^ir^r 

□QLC 

pBCirT 

ope  jg^rggcg" SrfcciP^ 
Pjpj;  ^^^T^l^&ij^nprrtWL 
IjCpp  ^OKCC‘^OC^<^J£^Qi 

HLC^(tl(C  *F|1?S^ 
CpO^r^^c^CTcci^^DorcOi 

( -  vL,^ 

\\  \  i^t^rCTiiOi 

-~^>i*Y»^r  vJLWL.^ 

gSjnggMCc^omr^^gTja'iOi 

dOlCj 

aKpdM 

^C(CT^ 

iOBlIl 

trliS 

CUSj^c 

^Tccfi 

C-lSlIb 

:e«<s 

n 

Pie 

8jO<CcT 

Spec 

cm* 

Ze® 

pci 

CSlC| 

N ew  Y ork  State  Museum  Bulletin 

Published  by  The  University  of  the  State  of  New  York 


No.  271 


ALBANY,  N.  Y. 


June  1926 


\ 


> 


THE  UNIVERSITY  OF 
NEW 

New  York  State 


GEOLOGY  OF  THE  LYON  MOUNTAIN 
QUADRANGLE 


BY 

WILLIAM  J.  MILLER 


General  geography  and  geology 

The  rocks  . . . . 

Structural  geology  . . . . 

Pleistocene  geology  . . 

•Summary  of  historical  geology.  . 

Magnetic  iron  ores . . 

Index  . . . . . 


PAGE 

5 
11 
.  ,  63 
.  68- 
■  77 
.  81 
.  101 


ALBANY 

THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 

1926 

M  2i7r-Mr  26-1000 


/ 


THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 


Regents  of  the  University 
With  years  when  terms  expire 

1934  Chester  S.  Lord  M.A.,  LL.D.,  Chancellor-  -  Brooklyn 

1936  Adelbert  Moot  LL.D Vice  Chancellor  -  -  -  Buffalo 
1927.  Albert  Vander  Veer  M.D.,  M.A.,  Ph.D.,  LL.D.  Albany 

1937  Charles  B.  Alexander  M.A.,  LL.B.,  LL.D., 

Litt.D.  -  -----  -  r----  -  Tuxedo 

1928  Walter  Guest  Kellogg  B.A.,  LL.D.  -  -  -  Ogdensburg 

1932  James  Byrne  B.A.,  LL.B.,  LL.D.  -  -  -  -  New  York 

1931  Thomas  J.  Mangan  M. A.,  LL.D.  -  -  -  -  Binghamton 

1933  William  J.  Wallin  M.A.  ------  Yonkers 

1935  William  Bondy  M.A.,  LL.B.,  Ph.D.,  D.C.L.  -  New  York 
1:930  William  P.  Baker  B.L.,  Litt.D.-  -  -  -  -  Syracuse 

1929  Robert  W.  Higbie,  M.A.  -------  Jamaica 

1938  Roland  B.  Woodward,  B.A.  -  -  -  -  -  -  Rochester 


President  of  the  University  and  Commissioner  of  Education 

Frank  P.  Graves  Ph.D.,  Litt.D.,  L.H.D.,  LL.D. 

Assistant  Commissioner  and  Director  of  Professional  Education 

Augustus  S.  Downing  M.A.,  Pd.D.,  L.H.D.,  LL.D, 

j 

Assistant  Commissioner  for  Secondary  Education 

James  Sullivan  M.A.,  Ph.D. 

Assistant  Commissioner  for  Elementary  Education 

George  M.  Wiley  M.A.,  Pd.D.,  LL.D. 

Director  of  State  Library 

James  I.  Wyer  M.L.S.,  Pd.D. 

Director  of  Science  and  State  Museum 

Charles  C.  Adams  M.S.,  Ph.D.,  D.Sc. 

Directors  of  Divisions 

Administration,  Lloyd  L.  Cheney  B.A. 

Archives  and  History,  Alexander  C.  Flick  M.A.,  Litt.D.,  Ph.D. 
Attendance, 

Examinations  and  Inspections,  Avery  W.  Skinner  B.A.,  Pd.D. 
Finance,  Clark  W.  Halliday 
Law,  Irwin  Esmond  Ph.B.,  LL.B. 

Library  Extension, 

School  Buildings  and  Grounds,  Frank  H.  Wood  M.A. 

Visual  Instruction,  Alfred  W.  Abrams  Ph.B. 

Vocational  and  Extension  Education,  Lewis  A.  Wilson 


N ew  Y ork  State  Museum  Bulletin 

Published  by  The  University  of  the  State  of  New  York 


No.  271  ALBANY,  N.  Y.  June,  192b 


The  University  of  the  State  of  New  York 

New  York  State  Museum 

GEOLOGY  OF  THE  LYON  MOUNTAIN  QUADRANGLE 

BY 

William  J.  Miller 

GENERAL  GEOGRAPHY  AND  GEOLOGY 

Location  and  General  Character 

The  area  represented  by  the  Lyon  Mountain  quadrangle  lies  in 
northern  New  York  close  to  the  northeastern  border  of  the  great 
area  of  Adirondack  Precambrian  rocks.  It  all  lies  in  Clinton 
county  with  the  exception  of  the  western  side  which  extends  into 
Franklin  county.  The  quadrangle  covers  nearly  213  square  miles. 
A  copy  of  the  quadrangle  map,  with  which  is  combined  the  geologic 
map,  may  be  found  in  the  pocket  of  the  back  cover  of  this  bulletin. 

In  most  respects  the  area  is  rather  typical  of  the  Adirondack 
region,  but  it  is  not  as  rugged  and  mountainous  as  usual.  The  north¬ 
ern  portion  of  the  quadrangle,  including  Johnson  mountain  and 
Lyon  mountain,  was  burnt  over  some  years  ago,  so  that  it  is  now 
mostly  very  brushy  and  difficult  of  access.  Some  lumbering  is  car¬ 
ried  on,  but  this  industry  is  far  less  important  than  formerly. 

The  only  railroad  is  the  Chateaugay  branch  of  the  Delaware  and 
Hudson  which  crosses  the  northern  portion  of  the  quadrangle  by  a 
very  winding  course. 

Lyon  Mountain,  with  a  population  of  approximately  1000,  in  the 
northeastern  part  of  the  quadrangle,  is  the  largest  village.  One  of 
the  biggest  iron  mines  of  the  State  is  now  in  operation  there. 
Abandoned  iron  mines  are  situated  both  northeast  and  southwest 
of  the  village.  The  small  village  of  Standish,  a  few  miles  southwest 
of  Lyon  Mountain,  is  the  site  of  the  iron  furnaces.  In  the  north¬ 
western  half  of  the  quadrangle  there  are  few  farms  and  roads, 
while  the  southeastern  half  contains  many  farms  and  a  fair  number 
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of  roads.  The  principal  farming  districts  are  in  the  vicinities  of 
Russia  Station,  Moffitsville,  Redford  (population  about  200),  Clay- 
burg,  and  Riverview.  Many  years  ago  a  number  of  iron  mines 
were  operated  in  the  vicinities  of  these  villages,  and  charcoal  making 
was  an  important  industry  to  furnish  fuel  for  roasting  the  ores. 

Topography 

Within  the  map  limits  the  range  of  altitudes  is  from  less  than  780 
feet,  where  the  Saranac  river  leaves  the  quadrangle  on  the  east,  to 
3830  feet  at  the  highest  point  of  Lyon  Mountain  in  the  north- 
central  part  of  the  quadrangle.  This  Lyon  mountain  mass,  which 
measures  fully  6  miles  long  by  4 miles  wide,  is  distinctly  the 
largest  and  highest  of  the  quadrangle. 

Next  highest  is  the  Norton  Peak  ridge  near  the  middle- western 
portion  of  the  area.  It  covers  only  about  2  square  miles,  but  two 
points  have  altitudes  of  2883  and  2896  feet. 

Johnson  mountain,  which  covers  7  or  8  square  miles  of  the  north¬ 
eastern  part  of  the  map  area,  is  a  wedge-shaped  mass  having  steep 
sides  and  a  relatively  flat  top  with  several  points  rising  to  nearly 
2500  feet. 

In  the  southwestern  portion  of  the  map  area,  Duncan  mountain 
(altitude  2728  feet)  and  Alder  Brook  mountains  (altitudes  2604 
and  2612  feet)  combine  to  form  a  mountain  mass  which  rises  con¬ 
spicuously  more  than  a  thousand  feet  above  the  surrounding  country. 

Perhaps  the  most  rugged  mountains  of  the  whole  quadrangle 
cover  an  area  of  10  or  12  square  miles  in  the  southeastern  portion. 
Of  these,  Silver  Lake  mountains  on  the  south  form  a  ridge,  3  miles 
long  and  a  mile  or  more  wide,  which  rises  1000  feet  above  the  sur¬ 
rounding  country.  The  long  southern  face  of  this  ridge  shows  many 
precipitous  ledges,  and  it  is  a  very  impressive  sight  as  viewed  from 
the  road  just  to  the  south  (plate  1).  Just  north  of  the  Silver  Lake 
mountain  ridge,  and  separated  from  it  by  a  narrow  valley,  there  is 
a  group  of  small  rugged  mountains  centering  about  Tolman  moun¬ 
tain  whose  altitude  is  2373  feet. 

Viewed  broadly,  the  three  mountain  groups  on  the  north,  includ¬ 
ing  Johnson  mountain,  Lyon  mountain  and  Norton  peak,  are  separ¬ 
ated  from  the  two  mountain  groups  on  the  south,  including  Duncan- 
Alder  Brook  mountains  and  Silver  Lake-Tolman  mountains,  by  a 
valley  6  or  7  miles  wide  which  extends  from  west  to  east  across  the 
quadrangle,  and  the  mountain  groups  are  themselves  separated  by 
minor  rather  distinct  north-south  valleys. 
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Drainage  and  Lakes 

All  the  drainage  of  the  quadrangle  passes  eastward  into  Lake 
Champlain  or  northward  into  the  St  Lawrence  river.  The  drainage 
of  nearly  two-thirds  of  the  quadrangle  is  eastward  through  the 
Saranac  river  which  empties  into  Lake  Champlain  at  Plattsburg.  An 
area  of  a  few  square  miles  southeast  of  Redford  drains  into  Salmon 
river,  and  an  area  of  perhaps  15  square  miles  in  the  southeastern 
portion  of  the  quadrangle  drains  into  the  Ausable  river,  both  of 
which  rivers  empty  into  Lake  Champlain.  In  the  northeastern  por¬ 
tion  of  the  quadrangle  and  area  of  about  18  square  miles,  including 
part  of  Chazy  lake,  drains  northeastward  into  Lake  Champlain 
through  Chazy  river.  The  northwestern  portion  of  the  quadrangle, 
comprising  an  area  of  about  36  square  miles,  including  part  of 
Upper  Chateaugay  lake,  drains  northward  into  the  St  Lawrence 
river  by  the  way  of  Chateaugay  river. 

Each  of  three  lakes  of  considerable  size  lies  partly  within  the 
quadrangle.  Largest  of  these  is  Upper  Chateaugay  lake  whose 
length  is  3^  miles  and  maximum  width  1  y2  miles.  About  two- 
thirds  of  its  area  lies  within  the  map  limits  near  the  northwestern 
corner.  This  lake  has  no  high  mountains  close  around  it.  Ap¬ 
proximately  one-half  of  the  area  of  Chazy  lake  lies  within  the  north¬ 
eastern  portion  of  the  quadrangle.  It  has  a  length  of  3  miles  and  a 
maximum  width  of  miles.  From  the  southeastern  shore  of  the 
lake  Johnson  mountain  rises  steeply  nearly  1000  feet,  while  from  the 
southwestern  shore  Lyon  mountain  rises  steeply  2300  feet.  Ellen- 
burg  mountain  rises  more  than  1100  feet  above  the  lake  on  the  north 
side.  Silver  lake,  whose  length  is  2j4  miles  and  greatest  width  two- 
thirds  of  a  mile,  has  about  three-fourths  of  its  area  in  the  middle- 
southern  portion  of  the  quadrangle.  High  hills  border  this  lake  on 
the  south  and  east,  and  the  western  face  of  Silver  Lake  mountains 
rises  steeply  nearly  1000  feet  above  the  lake  on  the  northeast  side. 
A  dozen  or  more  ponds  occur  scattered  over  the  quadrangle. 

Geologic  Formations 

So  far  as  known  the  rock  formations  of  the  quadrangle  may  be 
listed  in  the  geologic  order  of  their  ages  as  follows : 

8  Pleistocene,  including  Glacial  and  Postglacial  deposits 

7  Diabase  dikes 

6  Rhyolite  dikes 

5  Gabbro-diorite  dikes 

4  Syenite -granite  series,  including  quartz  syenite,  granitic  syenite, 
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Lyon  Mountain  granite,  Hawkeye  granite,  and  dikes  and  other 
masses  of  pegmatite,  silexite  and  aplite 

3  Anorthosite ,  including  Marcy  anorthosite  and  Whiteface  anor¬ 
thosite 

2  Gabbro  and  hornblende  gneiss  or  amphibolite 

i  Grenville  series  of  metamorphosed  strata 

All  except  the  Pleistocene  deposits  are  of  Precambrian  age.  The 
Grenville  series  is  unusually  scantily  represented  by  a  few  small 
scattering  areas  in  which  the  strata  are  always  more  or  less  inti¬ 
mately  associated  with  granite  or  gabbro. 

Many  small  areas  of  gabbro  and  hornblende  gneiss  or  amphibolite 
(probably  mostly  or  all  metagabbro)  are  scattered  throughout  the 
map  area,  but  more  particularly  within  the  areas  of  the  Lyon  Moun¬ 
tain  granite.  The  hornblende  gneisses  present  certain  puzzling  fea¬ 
tures.  Many  of  them  are  certainly  facies  of  the  true  gabbro  which 
is  distinctly  older  than  the  syenite-granite  series,  but  there  may 
possibly  be  more  than  one  age  of  gabbro,  and  some  of  the  hornblende 
gneiss  or  amphibolite  may  possibly  represent  portions  of  the  Gren¬ 
ville  series  which  have  become  highly  metamorphosed. 

Anorthosite  occurs  in  a  few  very  small  areas,  these  rocks  ap¬ 
parently  being  in  the  form  of  inclusions  in  the  granites.  Whether 
the  anorthosite  is  younger  or  older  than  the  gabbro  and  metagabbro 
is  not  definitely  known,  but  it  is  probably  younger.  It  is  certainly 
older  than  the  syenite-granite  series. 

The  syenite-granite  series,  especially  the  fine  to  medium-grained 
Lyon  Mountain  granite  and  the  coarse  Hawkeye  granite,  constitute 
by  far  the  greatest  bulk  of  the  rocks  of  the  quadrangle.  Masses  of 
pegmatite,  silexite  and  aplite  are  very  abundantly  developed. 

A  few  small  dikes  of  gabbro-diorite  distinctly  later  than  the 
syenite-granite  series  were  observed. 

The  rhyolite  dikes,  which  are  few  in  number  and  very  small,  oc¬ 
cur  in  joint  cracks  in  the  coarse  granite. 

Diabase  dikes  of  late  Precambrian  age  are  very  common,  far  more 
so  than  usual  in  the  Adirondack  region.  They  are  seldom  more 
than  a  few  feet  wide. 

Pleistocene  deposits  of  various  types  are  abundantly  present 
throughout  the  quadrangle. 

Previous  Work 

More  than  75  years  ago  E.  Emmons  reported  on  the  geology  of 
Clinton  and  Franklin  counties,  but  his  work  (see  title  below),  ex¬ 
cepting  the  detailed  studies  of  the  iron  ores,  contains  only  a  few 
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very  general  statements  regarding  the  crystalline  rocks  of  the  two 
counties  and  none  regarding  the  area  of  the  Lyon  Mountain  quad¬ 
rangle. 

To  Professor  H.  P.  Cushing  belongs  the  credit  of  having  first 
seriously  attacked  the  intricate  problems  presented  by  the  rocks  of 
Clinton  and  Franklin  counties  including  the  area  of  the  Lyon  Moun¬ 
tain  quadrangle,  his  reports  having  been  published  by  the  New  York 
Geological  Survey  in  1895  and  1899  (see  titles  below).  His  work 
was  necessarily  of  reconnaissance  nature  but,  considering  the  short¬ 
ness  of  time  at  his  disposal  and  the  perplexing  relationships  of  the 
rocks,  he  obtained  many  results  of  first  value. 

More  recently  D.  H.  Newland,  former  Assistant  State  Geologist, 
made  important  studies  of  the  magnetic  iron  ores  and  associated  rocks 
of  the  Adirondack  region  including  those  of  the  Lyon  Mountain 
quadrangle.  The  main  results  of  his  work  appear  in  Museum  Bul¬ 
letin  1 19  (see  title  below). 

The  writer  heartily  acknowledges  his  indebtedness  to  Professor 
Cushing  and  Mr  Newland  for  their  work. 

Following  is  a  list  of  the  most  important  publications  bearing 
directly  or  indirectly  upon  the  geology  of  the  Lyon  Mountain  quad¬ 
rangle. 

1842  Emmons,  E.  Geology  of  New  York,  part  2,  on  the  Geol¬ 
ogy  of  the  Second  District,  especially  p.  289-90 
1889  Smock,  J.  C.  Iron  Mines  and  Iron-ore  Districts  in  the  State 
of  New  York.  N.  Y.  State  Mus.  Bui.  7,  especially  p.  40-43 
1893  Eakle,  A.  S.  On  Some  Dikes  Occurring  near  Lyon  Moun¬ 
tain,  Clinton  County,  New  York.  American  Geologist.  12:31-36 
1895  Cushing,  H.  P.  Report  on  the  Geology  of  Clinton  County. 

N.  Y.  State  Geol.  Rep’t  15,  p.  499-573 
1899  Preliminary  Report  on  the  Geology  of  Franklin  County,  N.  Y. 
State  Geol.  Rep’t  18,  p.  73-128 

1905  Geology  of  the  Northern  Adirondack  Region.  N.  Y.  State 
Mus.  Bui.  95 

1906  Newland,  D.  H.  &  Hansell,  N.  V.  Magnetite  Mines  at  Lyon 
Mountain,  New  York.  Engineering  and  Mining  Jour.  82:683-85 
and  916-18 

1907  Whitlock,  H.  P.  Minerals  from  Lyon  Mountain.  N.  Y.  State 
Mus.  Bui.  107 

1907  Newland,  D.  H.  On  the  Associations  and  Origin  of  the 
Nontitaniferous  Magnetites  in  the  Adirondack  Region.  Economic 
Geol.  2 :  763-73 
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1908  Geology  of  the  Adirondack  Magnetitic  Iron  Ores.  N.  Y. 
State  Mus.  Bui.  119,  especially  p.  23-36  and  105-28 

1914  Miller,  W.  J.  Magmatic  Differentiation  and  Assimilation  in 
the  Adirondack  Region.  Geol.  Soc.  Amer.  Bui.  25:243-64 

1915  Cushing,  H.  P.  Age  of  the  Igneous  Rocks  of  the  Adiron¬ 
dack  Region.  Amer.  Jour.  Sci.,  4th  ser.,  39 :  288-94 

1916  Miller,  W.  J.  Origin  of  Foliation  in  the  Precambrian  Rocks 
of  Northern  New  York.  Jour.  Geol.  24:  587-619 

1917  The  Adirondack  Mountains.  N.  Y.  State  Mus.  Bui.  193 
1917  Bowen,  N.  L.  The  Problem  of  the  Anorthosites.  Jour.  Geol., 

25,  especially  p.  219-27 

1917  Cushing,  H.  P.  Structure  of  the  Anorthosite  Body  in  the 
Adirondacks.  Jour.  Geol.  25  :  501-09 
1917  Bowen,  N.  L.  Adirondack  Intrusives.  Jour.  Geol.  25  :  509-12 

1917  Cushing,  H.  P.  Adirondack  Intrusives.  Jour.  Geol.  25 : 
512-14 

1918  Miller,  W.  J.  Banded  Structures  of  the  Adirondack  Syenite- 
Granite  Series.  Science,  n.  s.  48 :  560-63 

1919  Pegmatite,  Silexite,  and  Aplite  of  Northern  New  York.  Jour. 
Geol.  27 :  28-54 

1919  Magnetitic  Iron  Ores  of  Clinton  County,  New  York.  Eco¬ 
nomic  Geol.  14:509-33 

1919  Geology  of  the  Lake  Placid  Quadrangle.  N.  Y.  State  Mus. 
Bui.  211-12 

1920  Newland,  D.  H.  Magnetic  Iron  Ores  of  Clinton  County, 
N.  Y.  Economic  Geol.  15:  177-80 

1921  Miller,  W.  J.  Origin  of  Adirondack  Magnetite  Deposits. 
Economic  Geol.  16:277-33 

1922  Nason,  F.  L.  The  Sedimentary  Phases  of  the  Adirondack 
Magnetic  Iron  Ores.  Economic  Geol.  17:633-54 

1922  Miller,  W.  J.  Sedimentary  Phases  of  the  Adirondack  Mag¬ 
netic  Iron  Ore  (discussion  of  Nason’s  paper).  Economic  Geol. 
17:709-13 
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THE  ROCKS 
Grenville  Series 

It  is  well  known  that  the  Grenville  represents  a  very  ancient 
(Archeozoic)  series  of  thoroughly  crystalline  stratified  rocks.  In 
fact  at  present  no  older  rocks  are  known  within  the  crust  of  the 
earth.  Considering  the  whole  area  of  the  Precambrian  rocks  of 
northern  New  York,  the  Grenville  series  is  unusually  scantily  rep¬ 
resented  within  the  quadrangle.  At  one  time  Grenville  strata  were 
probably  present  as  the  country  rock  over  the  whole  area  of  the 
quadrangle,  but,  due  to  the  igneous  intrusions  particularly  the  up- 
welling  of  tremendous  volumes  of  the  syenite-granite  magma,  only 
the  merest  remnants  are  preserved  as  surface  exposures,  and  these 
remnants  have  practically  all  been  so  intimately  penetrated  and  even 
injected  or  assimilated  by  the  intrusives  that  it  has  seemed  best  to 
discuss  them  under  the  caption  “mixed  rocks.”  It  should  be  stated, 
however,  that  most  of  the  Grenville  rocks  recognizable  in  the  rem¬ 
nants  are  well-bedded  quartzites,  and  some  gray  gneisses  and  schists. 
Not  a  single  outcrop  of  limestone  was  observed. 

Gabbro,  Metagabbro  and  Amphibolite 

General  features.  Most  of  the  rocks  discussed  under  this  head¬ 
ing  are  to  be  classed  as  true  gabbro  and  metagabbro  younger  than 
the  Grenville  series  but  older  than  the  syenite-granite  series.  The 
true  gabbro  is  commonly  very  massive  with  good  to  poor  ophitic 
texture.  In  many  cases  a  magmatic  flow-structure  foliation  is  lo¬ 
cally  well  developed.  Another  type  of  foliation  which  is  common, 
and  clearly  secondary,  has  resulted  from  the  pressure  upon  bodies 
of  the  gabbro  where  they  have  been  caught  up  in  the  granite  magma. 

The  massive  gabbro,  which  has  an  ophitic  texture  and  which  is 
free  from  the  influence  of  granite  or  pegmatite  intrusions,  almost 
invariably  contains  40  to  60  per  cent  of  oligoclase  to  labradorite ; 
10  to  30  per  cent  of  hornblende ;  10  to  20  per  cent  of  hypersthene ; 
usually  some  diallage;  and  nearly  always  small  quantities  of  pyrite, 
biotite,  zircon  and  apatite.  Good  examples  are  represented  by 
slides  46,  70,  77,  and  98  of  table  1.  Pleochroism  of  the  hornblende 
is  generally  from  green  to  greenish  yellow;  of  hypersthene  from 
greenish  gray  to  pale  red;  and  of  biotite  from  pale  yellow  to  brown. 
The  labradorite  commonly  contains  numerous  dustlike  inclusions. 

Many  of  the  hornblende  gneisses  and  amphibolites  of  the  quad¬ 
rangle  are  demonstrably  metagabbro  because  in  single  areas,  and 
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even  in  single  outcrops,  they  may  be  observed  to  grade  into  the 
true  gabbro.  Most  or  possibly  all  of  the  bodies  of  gabbro  and 
metagabbro  are  older  than  the  granite  because  they  are  more  or  less 
intricately  cut  by  the  granite  and  its  pegmatitic  facies.  In  some 
cases,  however,  the  relation  of  the  gabbro  to  the  granite  could  not 
be  satisfactorily  determined  so  that  possibly  some  bodies  of  the 
gabbro  may  be  younger  than  the  granite,  though  in  any  cases  the 
amount  of  such  gabbro  would  be  small.  It  should  be  recalled  that 
throughout  the  Adirondacks  certain  bodies  of  true  gabbro  are  defi¬ 
nitely  known  to  be  younger  than  the  syenite-granite  series. 

There  is  but  little  opportunity  to  observe  the  relation  of  the  gab¬ 
bro  to  the  Grenville  within  the  quadrangle.  In  the  two  areas  of 
Grenville  and  gabbro  mixed  rocks  shown  on  the  map  and  described 
beyond,  gabbro  is  clearly  intrusive  into  the  Grenville. 

There  are  many  small  areas  (some  of  them  large  enough  to  be 
mapped)  of  hornblende  gneiss  or  amphibolite,  commonly  more  or 
less  altered  to  diallage  gneiss,  which  are  not  demonstrably  meta¬ 
gabbro.  These  are  in  the  form  of  lenses,  bands  and  irregular  masses 
in  the  granite  usually  parallel  to  its  foliation.  Similar  rocks  have 
been  described  by  the  writer  as  occurring  in  various  other  quad¬ 
rangles  of  the  Adirondack  region.  It  is  presumed  that  most  or  pos¬ 
sibly  all  such  masses  are  to  be  classed  with  the  gabbro  and  meta¬ 
gabbro  which  in  some  cases,  especially  the  diallage-rich  rocks,  have 
been  affected  by  the  granite  intrusions. 

The  possibility  that  the  amphibolites  may  be  in  part  at  least  highly 
metamorphosed  portions  of  the  Grenville  series  should  not  be  over¬ 
looked.  Thus  Adams1,  in  his  description  of  the  amphibolites  of 
the  Glamorgan  granite  of  Ontario,  Canada,  says :  “The  limestone 
(Grenville),  toward  the  granite  contact,  passes  gradually  over  into 
amphibolite,  the  latter  being  undoubtedly  produced  by  the  action  of 
the  former.”  Not  only  is  positive  evidence  for  any  such  action 
lacking  within  the  quadrangle,  but  also,  only  a  few  miles  to  the  south 
in  the  Lake  Placid  quadrangle,  limestone  masses  within  the  syenite 
and  granite  show  no  sign  of  change  to  amphibolite.  In  the  writer’s 
experience  in  the  Adirondacks  those  amphibolites  or  hornblende 
gneisses  which  are  quite  certainly  interbedded  with  the  Grenville 
series  are  commonly  garnetiferous  and  they  are  usually  interstratified 
with  other  materials. 

Cushing2,  in  his  description  of  the  Ogdensburg  quadrangle,  thinks 
it  most  likely  that  the  amphibolites  there  are  in  part  metamorphosed 

1Adams,  F.  D.  Jour.  Geol.  17:  8.  1909. 

2  Cushing,  H.  P.  N.  Y.  State  Mus.  Bui.  191,  1916,  p.  14-16. 
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Grenville  strata,  and  in  art  metagabbro.  Martin1,  who  has  care¬ 
fully  considered  the  amphibolites  of  the  Canton  quadrangle,  strongly 
inclines  to  the  view  that  most  or  all  the  amphibolites  there  represent 
metagabbro  intermediate  in  age  between  the  Grenville  and  the  gran¬ 
ite.  All  things  considered,  then,  and  recognizing  the  uncertainties 
regarding  the  problem  of  the  origin  of  some  of  the  amphibolites  of 
the  Lyon  Mountain  quadrangle,  the  writer  believes  that  the  best 
evidence  indicates  that  most  or  all  of  them  were  derived  from  rather 
basic  igneous  rocks,  probably  chiefly  or  wholly  gabbro. 

More  than  fifty  areas  of  gabbro  and  amphibolite  are  represented 
on  the  accompanying  geologic  map,  and  many  more  of  equal  size, 
mostly  concealed  under  Pleistocene  deposits,  must  occur.  Many 
strips  or  lenses  too  small  to  be  mapped  were  also  observed.  Finally, 
in  many  of  the  areas  of  mixed  rocks  gabbro  or  amphibolite  are 
prominently  developed. 

A  glance  at  the  geologic  map  reveals  the  fact  that  the  masses  of 
gabbro  and  amphibolite  are  by  no  means  evenly  distributed  over  the 
area  of  the  quadrangle.  Their  most  conspicuous  development  is  in 
the  northwestern  portion  of  the  quadrangle  in,  the  general  vicinity 
of  Lyon  Mountain  village.  From  near  Russia  station  to  Moffits- 
ville,  and  in  the  Saranac  valley  between  Moffitsville  and  Riverview, 
many  others  occur.  On  and  in  the  general  vicinity  of  Tolman  and 
Ellis  mountains  several  well-defined  masses  occur.  Relatively  few 
bodies  of  gabbro  or  amphibolite  lie  outside  of  the  areas  just 
mentioned. 

Most  of  the  gabbro  and  amphibolite  masses  by  far  occur  within 
the  areas  of  Lyon  Mountain  granite.  Thus  the  mass  of  coarse¬ 
grained  Hawkeye  granite  which  makes  up  the  large  Lyon  mountain 
area,  the  Silver  Lake  mountain  Hawkeye  granite  and  the  Sugarbush 
area  of  similar  granite,  are  almost  entirely  free  from  gabbro  and 
amphibolite.  Possibly  this  may  be  due  to  the  fact  that  the  Lyon 
Mountain  granite  magma  was  heavily  charged  with  pegmatitic 
liquids  and  gases  and  that,  therefore,  it  possessed  a  much  greater 
power  to  cut  to  pieces  and  engulf  the  old  gabbro  and  amphibolite 
than  the  Hawkeye  granite  magma. 

Special  descriptions.  Enough  of  the  better  exposed  masses  of 
gabbro  and  amphibolite  will  now  be  described  to  give  a  fair  idea  of 
the  character  of  these  rocks.  For  many  other  facts  regarding  their 
character  and  relations  to  other  rocks,  the  reader  is  referred  to  the 
discussion  of  the  mixed  rocks  beyond. 


1Martin,  J.  C.  N.  Y.  State  Mus.  Bui.  185,  1916,  p.  50-65. 
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Near  Clay  burg.  The  area  of  gabbro  with  a  length  of  i  mile  and 
a  maximum  width  of  one-third  of  a  mile  just  northwest  of  Clay- 
burg  is  one  of  the  two  largest  in  the  quadrangle.  From  the  middle 
to  its  western  end  there  are  good  exposures  showing  massive 
medium-grained  gabbro  with  ophitic  texture  in  which  there  are  some 
zones  of  finer-grained  gneissoid  gabbro.  This  rock  is  bordered  on 
the  south  by  much  well- foliated  amphibolitic  gabbro.  Some  pegma¬ 
tite  dikes  cut  the  gabbro,  especially  the  foliated  facies,  mostly  parallel 
to  the  foliation  and  without  very  sharp  contacts.  In  table  i,  no.  25 
represents  a  thin  section  of  the  fine  to  medium-grained  gneissoid 
gabbro  which  has  been  somewhat  affected  by  the  pegmatitic  intru¬ 
sions  causing  the  transformation  of  some  of  the  hornblende  and 
hypersthene  into  diallage  (see  plate  12c).  No.  22  of  the  same 
table  represents  a  thin  section  of  the  amphibolitic  gabbro  which 
was  not  affected  by  pegmatite  or  granite.  Near  the  western  margin 
of  the  gabbro  area  pink,  medium-grained  granite  with  many  pegma¬ 
tite  stringers  contains  numerous  strips  and  shreds  of  the  amphi¬ 
bolitic  gabbro.  A  few  rods  farther  east  typical  massive  gabbro 
shows  a  border  of  amphibolite  which  has  been  somewhat  injected 
with  medium  to  moderately  coarse  grained  granite  parallel  to  its 
foliation. 

A  large  exposure  at  the  northeastern  border  of  the  area  is  very 
instructive  where  several  good  contacts  of  the  gabbro  against  typical 
coarse  pink  Hawkeye  granite  are  shown.  Some  coarse  pegmatitic 
offshoots  of  the  granite  cut  the  gabbro.  Most  of  the  gabbro  is 
medium-grained  and  moderately  ophitic,  but  within  10  or  12  feet 
of  the  contact  the  gabbro  is  in  general  finer  grained,  and  within 
1  or  2  feet  of  the  contact  it  is  greenish  due  to  a  high  content  of  chlor¬ 
ite  which  was  derived  in  part  from  hornblende  and  in  part  probably 
from  diallage.  There  is  also  much  magnetite  in  the  form  of  tiny 
grains  scattered  through  the  rock.  Slide  no.  30  of  table  1  shows  the 
mineral  content  of  this  rock.  The  plagioclase  ranges  from  oliogo- 
clase  to  andesine  and  it  is  therefore  more  acidic  than  the  usual  plagio¬ 
clase  of  the  typical  gabbro.  Slide  no.  67  represents  the  medium¬ 
grained  gabbro  back  from  the  contact.  A  reasonable  interpretation 
is  that  the  finer-grained  border  portion  of  the  gabbro  was  produced 
by  granulation  due  to  the  pressure  of  the  granite  intrusion,  and  that 
close  to  the  contact  much  of  the  hornblende  was  altered  by  the  ac¬ 
tion  of  the  granite  and  pegmatite  to  diallage  with  the  separation  of 
magnetite,  and  that  the  hornblende  and  diallage  were  then  mostly 
altered  to  chlorite.  Also  the  basic  feldspar  was  made  more  acidic. 


Table  i 

Thin  sections  ■  of  gabbro  and  hornblende  gneiss 
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Such  derivation  of  diallage  is  more  fully  considered  beyond  in  the 
discussion  of  the  iron  ores. 

The  gabbro  of  the  small  area  i2/$  miles  west  of  Clayburg  is  non- 
foliated  and  medium  to  moderately  coarse-grained  except  the  bor¬ 
ders  which  are  distinctly  finer  grained.  In  thin  section  even  the  coarse 
rock  is  notably  granulated.  Evidently  this  mass  of  gabbro  was 
caught  up  in  the  granite  magma  and  severely  squeezed,  especially 
the  border  portions. 

Northeast  of  Goldsmith.  Three  small  bodies  of  hornblende  gneiss, 
presumably  metagabbro,  are  mapped  i  mile  east-northeast  of  Gold¬ 
smith.  The  western  one  is  the  most  interesting,  a  part  of  it  show¬ 
ing  relations  as  sketched  in  figure  i.  Apparently  a  mass  of  gabbro 
or  metagabbro  was  caught  up  in  the  granite  magma,  moderately  in¬ 
jected  and  possibly  partially  assimilated,  considerably  fractured  and 
faulted,  and  then  penetrated  by  moderately  coarse  pegmatitic  dikes. 
A  thin  section  of  the  moderately  injected  gneiss  is  represented  by 
no.  14  of  table  1.  Under  the  microscope  the  green  augite  is  seen 
to  have  been  derived  from  hornblende.  Contacts  of  the  metagabbro 
against  pegmatite  are  fairly  sharp,  but  its  contacts  against  the  gran¬ 
ite  are  not  sharp.  The  pegmatite  and  granite  are  not  in  sharp  con¬ 
tact.  The  granite  is  moderately  to  highly  foliated  parallel  to  the 
contacts  with  the  metagabbro. 

The  small  area  next  to  the  east  is  a  band  of  hornblende  gneiss 
from  4  to  6  feet  wide  and  30  feet  long  parallel  to  the  granite  folia¬ 
tion  which  is  a  highly  developed  magmatic  flow-structure  within  a 
few  feet  of  the  hornblende  gneiss  on  each  side.  Some  pegmatite 
dikes  very  rich  in  quartz  cut  the  dark  gneiss. 

.In  the  easternmost  of  the  three  small  areas  a  band  of  amphibolite 
20  to  30  feet  wide  lies  in  the  granite  parallel  to  its  foliation.  No. 
16  of  table  1  shows  the  mineral  content  of  the  gneiss.  Because  of 
the  influence  of  the  highly  pegmatized  granite  magma  the  diallage 
resulted  from  transformation  of  hypersthene  or  hornblende  or  both 
with  separation  of  magnetite,  and  the  plagioclase  was  made  some¬ 
what  more  acidic. 

The  gabbro  of  the  small  area  2  miles  northeast  of  Goldsmith  is 
mostly  medium-grained  but  it  varies  to  moderately  coarse,  and  it  is 
distinctly  finer  grained  near  the  contact  with  the  granite.  Folia¬ 
tion  of  the  gabbro  is  scarcely  developed,  and  several  small  pegma¬ 
tite  dikes  cut  it.  No.  23  of  table  1  shows  the  mineral  content. 

Haystack  knob.  On  Haystack  knob  near  the  center  of  the  quad¬ 
rangle  moderately  coarse  granite  contains  a  band  of  distinctly  foli¬ 
ated  biotitic  hornblende-plagioclase  gneiss  (metagabbro)  one-fourth 
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of  a  mile  long-  with  a  maximum  width  of  50  feet.  Toward  the  bor¬ 
ders  it  is  somewhat  finer  grained.  It  lies  parallel  to  the  foliation  of 
the  granite,  and  it  is  cut  by  pegmatite  dikes  parallel  to  its  foliation. 
A  near  by  band,  only  6  feet  wide  and  fully  7 5  feet  long,  is  mostly 
fine-grained  and  almost  schistose.  It  is  so  sharply  defined  in  the 
granite  that  at  first  sight  it  was  thought  to  be  a  dike. 

Vicinity  of  M offitsville.  Between  the  road  and  the  brook  2  miles 
west  of  Moffitsville  moderately  coarse  grained  granite  contains  four 
strips  of  fine-grained,  schistose,  biotitic  amphibolite  from  8  to  15 
feet  long  and  from  3  to  12  inches  wide.  Their  contacts  are  fairly 
sharp.  They  are  very  clearly  inclusions  in  the  granite  parallel  to  its 
foliation  since  they  are  seen  to  pinch  out  at  the  ends.  Figure  2 
shows  how  the  magmatic  flow-structure  foliation  of  the  granite  con¬ 
forms  to  the  margins  of  one  of  the  inclusions.  The  granite  is  dis¬ 
tinctly  finer  grained  within  a  few  feet  of  the  contacts.  Evidently 
these  masses  of  amphibolite,  and  also  those  on  Haystack  knob  (see 
above),  represent  portions  of  the  old  gabbro  which  were  caught  up 
in  the  granite  magma  and  severely  squeezed  into  gneisses  and  even 
into  schists  in  which  the  relative  amounts  of  hornblende  and  biotite 
are  greater  than  in  the  original  gabbro. 

Interesting  exposures  occur  in  the  small  area  by  the  road  i}4 
miles  south-southeast  of  Moffitsville.  Much  of  the  rock,  which  is 
nonfoliated  with  ophitic  texture,  locally  grades  into  more  or  less 
foliated  amphibolite.  Some  of  the  amphibolite,  which  is  biotitic 
and  highly  foliated  or  schistose,  is  sharply  folded  where  in  contact 
with  the  granite.  A  network  of  pegmatite  dikes  as  offshoots  of  the 
granite  cut  the  nonfoliated  gabbro  in  one  place.  One  pegmatite 
dike  carries  a  small  inclusion  of  amphibolite.  Some  of  the  nearby 
granite  shows  dark  streaks  probably  due  to  partial  digestion  of  shreds 
of  the  gabbro.  Nos.  32  and  33  of  table  1  show,  respectively,  the 
mineral  content  of  the  foliated  gabbro  and  the  nonfoliated  gabbro. 

Some  features  of  particular  interest  were  observed  in  the  long  body 
of  gabbro  which  lies  from  1  to  miles  northwest  of  Moffitsville. 
The  main  bulk  of  the  gabbro  is  medium-grained  and  very  massive 
with  some  development  of  ophitic  texture.  No.  77  of  table  1  gives 
the  mineral  content  of  such  rock.  Some  of  the  gabbro  is  distinctly 
gneissoid  with  locally  curving  foliation  due  to  magmatic  flowage. 
Some  pegmatite  dikes  of  the  usual  kind  cut  the  gabbro  rather  sharply, 
two  dikes  being  very  conspicuous  just  south  of  the  crossroads.  A 
ledge  near  the  southern  end  of  the  area  contains  a  dike  of  moder¬ 
ately  coarse  nearly  pure  plagioclase  rock.  A  thin  section  (no.  35  of 
table  2)  shows  98  per  cent  of  oligoclase  to  labradorite,  and  2  per 
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cent  of  chlorite.  The  dike,  which  is  6  to  8  feet  wide  and  lies  par¬ 
allel  to  the  moderate  foliation  of  the  gabbro,  is  neither  foliated  nor 
granulated.  The  dike  sends  off  a  tongue  6  to  8  inches  wide  for  2 
feet  into  the  gabbro.  This  dike  material  looks  much  like  fairly 
coarse,  nearly  pure  plagioclase  Whiteface  anorthosite  and  it  probably 
is  (see  discussion  of  anorthosite  below).  In  this  vicinity  several 
smaller  dikes  of  similar  material,  but  with  some  crystals  and  bunches 
of  hornblende,  lie  in  the  gabbro  parallel  to  its  foliation.  Also  close 
by  some  small  dikes  of  ordinary  quartz-potash  feldspar  pegmatite  lie 
parallel  to  the  foliation  of  the  gabbro.  At  the  middle  of  the  western 
side  of  the  area  an  outcrop  shows  gabbro  representing  two  distinct 
intrusions  (probably  not  far  separated  in  time)  of  gabbro  in  fairly 
sharp  contact  for  25  feet.  One  gabbro  is  very  massive,  moderately 
coarse,  and  nonfoliated,  while  the  other  is  much  the  same  except 
within  a  few  feet  of  the  contact  with  the  other  gabbro  where  it  is 
finer-grained  and  more  or  less  foliated  due  to  magmatic  flowage. 

Near  Junction  kilns.  The  area  of  gabbro  fully  1  mile  long  south 
of  Junction  kilns  shows  many  fine  exposures.  Most  of  the  rock  is 
medium-grained,  massive  and  only  moderately  foliated.  Some  good 
examples  of  locally  curving  magmatic  flow-structure  foliation  were 
observed.  Around  the  borders  of  the  area  some  hornblende  gneiss 
has  developed. 

Elbow  hill  The  gabbro  of  the  mixed  rock  area  on  Elbow  hill  is 
of  special  interest.  It  is  more  or  less  cut  to  pieces  by  and  incorpor¬ 
ated  in  medium-grained  granite.  At  the  summit  of  the  hill  and  also 
at  the  western  end  of  the  area,  the  gabbro  is  massive  and  relatively 
free  from  granite.  This  gabbro  varies  from  well-foliated  to  only 
faintly  foliated  with  many  local  curves  due  to  magmatic  flowage. 
Some  of  the  gabbro  is  rather  variable  in  composition  due  to  streaks 
or  “schlieren”  parallel  to  the  foliation.  The  coarseness  of  grain  also 
varies  considerably,  especially  in  the  big  ledge  at  the  summit  of  the 
hill  where  a  moderately  coarse,  dark  hornblende  gneiss  facies  lies 
against  a  more  gabbroid,  less  foliated  mass  which  latter  in  turn  lies 
against  a  still  finer  grained  body.  These  are  clearly  only  facies  of  a 
single  rock  mass  resulting  from  variable  intrusion  of  a  magma.  No. 
46  of  table  1  gives  the  mineralogical  composition  of  the  typical  pure 
gabbro,  while  no.  47  of  the  same  table  represents  the  gabbro  near  the 
contact  where,  due  to  the  action  of  the  granite  magma,  the  diallage 
was  developed  and  the  plagioclase  was  made  more  acidic. 

Near  Lyon  Mountain  village.  A  number  of  masses  of  gabbro  and 
amphibolite  are  shown  on  the  geologic  map  in  the  general  vicnity 
of  Lyon  Mountain  village,  but  none  of  these  presents  any  features 
of  special  interest  different  from  those  above  described. 
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Anorthosite 

General  Features.  Several  small  areas  of  anorthosite  are  shown 
on  the  geologic  map,  these  doubtless  being  only  remnants  of  formerly 
much  more  extensive  developments  of  the  rock.  In  the  Lake 
Placid  quadrangle  next  to  the  south,  anorthosite  covers  wide  areas 
which  are  in  turn  only  parts  of  a  general  area  of  some  1200  square 
miles  of  anorthosite  in  the  central-eastern  Adirondack  region.  The 
writer  has  rather  fully  discussed  the  Adirondack  anorthosite  and 
its  origin1.  There  are  two  important  facies  of  the  rock,  one  called 
“Marcy  anorthosite”  and  the  other  “Whiteface  anorthosite.”  Both 
of  these  facies,  but  especially  the  latter,  are  present  within  the  Lyon 
Mountain  quadrangle.  The  typical  Marcy  anorthosite  is  a  dark 
bluish  gray,  coarse  to  very  coarse-grained  rock  which  contains  about 
90  per  cent  of  rather  basic  plagioclase.  It  represents  the  main  bulk 
of  the  Adirondack  anorthosite  body.  The  typical  Whiteface  anor¬ 
thosite  of  the  Adirondacks  is  a  light  to  dark  gray,  medium  to  mod¬ 
erately  coarse-grained  rock  which  contains  70  to  90  per  cent  or  more 
of  basic  plagioclase  and  10  to  30  per  cent  or  less  of  dark  minerals. 
In  general  it  is  more  gabbroid  than  the  Marcy  anorthosite,  and  it  is 
a  border  (probably  both  upper  and  outer)  phase  of  the  great  body 
of  Adirondack  anorthosite. 

Regarding  the  age  of  the  anorthosite,  it  is  certain  that  it  is  younger 
than  the  Grenville  and  older  than  the  syenite-granite.  Whether  it  is 
older  or  younger  than  the  old  gabbro  is  not  so  certain,  but  it  is  prob¬ 
ably  younger. 

Special  descriptions.  East  of  Teft  pond.  The  largest  body  of 
anorthosite  in  the  quadrangle  lies  about  1  mile  east  of  Teft  pond. 
It  is  about  1  mile  long  and  one-third  of  a  mile  wide.  The  rock  is 
nearly  all  to  be  classed  as  Whiteface  anorthosite,  mostly  very 
massive  and  medium  to  moderately  coarse  grained,  but  with  local 
zones  or  bands  of  somewhat  varying  composition  which  are  in  some 
cases  more  or  less  well  foliated.  Some  of  the  rock  is  very  light 
gray  and  medium-grained  with  only  a  few  per  cent  of  dark  minerals 
(chiefly  hornblende)  as  represented  by  slide  no.  56  of  table  2.  Most 
of  the  rock  is,  however,  darker  gray  and  medium  to  coarse-grained 
with  10  to  30  per  cent  of  dark  minerals,  chiefly  biotite  and  hypers- 
thene  or  both.  Slides  57  and  58  of  table  2  represent  such  rocks. 

A  facies  of  the  rock  of  special  interest  forms  a  border  belt  on 
the  southwestern  face  of  the  steep  hill  on  the  southwestern  side  of 
the  area.  This  rock  strongly  resembles  the  Keene  gneiss,  a  name 


1  Miller,  W.  J.  Geol.  Soc.  Bui.  29:399-462.  1918. 
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given  by  the  writer1  to  a  type  of  rock  intermediate  between  syenite 
or  granite  and  anorthosite  and  produced  by  magmatic  assimilation 
of  some  of  the  anorthosite  by  either  syenite  or  granite.  It  is  char¬ 
acterized  by  large  bluish  gray  crystals  of  labradorite  in  a  medium¬ 
grained  groundmass  of  syenitic  or  dioritic  composition.  In  the  area 
here  considered  the  Keene  gneiss  is  more  basic  than  usual,  moderately 
foliated,  and  has  bluish  gray  iridescent  crystals  of  labradorite  from 
i  to  5  inches  long  scattered  through  it.  Just  under  the  brow  of  the 
steep  hill  there  is  a  rounded  inclusion  (ij4  feet  across)  of  medium¬ 
grained,  nearly  pure  plagioclase  anorthosite  with  rather  sharp  con¬ 
tacts  in  the  Keene  gneiss,  the  foliation  of  the  latter  showing  a  strong 
tendency  to  wrap  around  the  inclusion.  Several  smaller  inclusions  of 
the  same  sort  were  also  observed  nearby. 

Table  2 


Thin  sections  of  anorthosite 


Field  number 

Slide  number 

Olig.  to  Lab. 

And.  to  Lab. 

Hornblende 

Diallage 

Biotite 

Hyperstheme 

Magnetite 

Pyrite 

Apatite 

■ 

Zircon 

Garnet 

Calcite  (Sec.) 

Muscovite  (Sec.) 

Epidote  (Sec.) 

|  Chlorite 

ill  3a 
nl  3b 
nl  11 
ill  12 
4j  1 6a 
4i  1 

41  ia 
12I  4 
12I  8a 

34 
78 

35 

36 

56 

57 

58 

81 

82 

98' 

98 

72 

82 

94 

93 

85 

il 

2 

1 

1 

i 

i 

12 

2 

2 

97 

2h 

i§ 

1 1 

h 

5 

4 

22 

1 

little 

little 

little 

1 

i 

little 

little 

14 

\ 

ih 

* 

1 

90 

2 

little 

* 

4 

2 

1 

Nos.  34  and  78,  Whiteface  anorthosite  from  i§  miles  northwest  of  Moffitsville ; 
nos.  35  and  36,  dikes  of  Whiteface  anorthosite  in  gabbro  1  mile  northwest  of 
Moffitsville;  nos.  56,  57,  and  58,  from  southwestern  border  of  Whiteface  anortho¬ 
site  area  1  mile  east  of  Teft  pond;  no.  81,  Marcy  anorthosite  from  summit  of 
Clark  hill;  no.  82,  Whiteface  anorthosite  one-third  of  a  mile  northeast  of  summit 
of  Clark  hill. 

The  medium-grained  granite  which  borders  the  Keene  gneiss  on 
the  west  sends  small  dikes  of  granitic  syenite  (no.  7  of  table  3) 
and  aplitic  granite  into  the  Keene  gneiss  mostly  parallel  to  its 
foliation. 

Along  the  northern  and  northwestern  borders  of  the  area  a 
number  of  inclusions  of  Whiteface  anorthosite  up  to  30  or  40  feet 
long  were  observed  in  the  granite  roughly  parallel  to  its  foliation. 


1  Miller,  W.  J.  Geol.  Soc.  Amer.  Bui.  29:437-51.  1919. 
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Along  the  eastern  border  of  the  area  one-half  of  a  mile  due 
south  of  Signal  peak  a  dike  of  medium-grained  pink  granite  5 
feet  wide  clearly  cuts  the  anorthosite. 

Briefly  stated,  the  writer’s  interpretation  of  the  history  of  this 
area  of  Whiteface  anorthosite  is  as  follows.  It  represents  a  portion 
of  the  border  (Whiteface)  facies  of  the  great  Adirondack  anor¬ 
thosite  body  which  was  enveloped  in  the  great  mass  of  rising 
granite  magma.  Locally  the  border  (or  borders)  of  the  enveloped 
mass  or  inclusion  were  assimilated  to  form  the  Keene  gneiss  magma 
which  in  turn  rose  to  envelop  some  fragments  of  the  Whiteface 
anorthosite.  Both  the  Keene  gneiss  and  the  Whiteface  anorthosite 
were  then  intruded  by  the  still  rising  granite  magma. 

Clark  hill  and  vicinity.  By  the  road  in  the  small  area  at  the  top 
of  Clark  hill  a  small  outcrop  shows  what  is  taken  to  be  nonfoliated 
Marcy  anorthosite  in  sharp  contact  with  well-foliated,  medium¬ 
grained  granite  or  aplitic  granite,  the  foliation  of  the  granite  prob¬ 
ably  being  a  magmatic  flow-structure  because  it  follows  almost  ex¬ 
actly  the  somewhat  irregular  boundary  of  the  anorthosite.  The 
anorthosite  consists  very  largely  of  dark  bluish  gray  individuals 
of  labradorite  up  to  an  inch  in  length  embedded  in  medium-grained 
labradorite  with  a  few  per  cent  of  biotite  scattered  through  the 
mass.  Slide  no.  81  of  table  3  gives  the  mineral  content.  A  few 
rods  north  of  the  road  a  small  outcrop  shows  foliated  medium¬ 
grained  anorthosite  with  considerable  biotite  and  garnet. 

Some  puzzling  features  were  observed  in  the  small  area  mapped 
as  anorthosite  one-third  of  a  mile  northeast  of  the  summit  of  Clark 
hill.  Most  of  the  rock  is  typical  slightly  foliated  Whiteface  anor¬ 
thosite  consisting  very  largely  of  medium  to  moderately  coarse¬ 
grained  andesine  to  labradorite  with  10  to  30  per  cent  of  dark 
minerals  chiefly  biotite,  hornblende  and  garnet.  No.  82  of  table 
2  gives  the  mineral  content  of  a  specimen  not  rich  in  dark  minerals. 
The  principal  exposure,  measuring  20  by  30  feet,  is  cut  by  a  net¬ 
work  of  quartz-orthoclase  gabbro-diorite  dikes  varying  from  a  few 
inches  to  2  or  3  feet  wide.  A  thin  section  of  the  dike  rock  shows: 
orthoclase,  20;  oligoclase  to  andesine,  15;  quartz,  16;  hypersthene, 
17;  hornblende,  12;  garnet,  10;  magnetite,  7;  apatite,  3,  and  a  very 
little  zircon.  The  dikes  are  mostly  without  very  sharp  contacts,  they 
do  not  have  chilled  borders,  and  they  are  moderately  foliated.  This 
dike  rock  does  not  look  like  a  facies  of  the  metagabbro  which  is 
so  common  in  the  quadrangle.  A  few  rods  to  the  north  a  ten-foot 
exposure  of  Whiteface  anorthosite  is  more  or  less  intimately  in¬ 
jected  with  coarse  granite  of  the  Hawkeye  type,  and  a  few  rods 
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to  the  northeast  there  is  a  twenty-foot  exposure  of  moderately  coarse 
granite.  Considerable  exposures  of  coarse  highly  foliated  granite 
occur  some  rods  to  the  west  and  south  of  the  ledge  of  Whiteface 
anorthosite.  The  significance  of  the  gabbro-diorite  dikes  in  this 
anorthosite  is  by  no  means  certain.  They  have  the  composition  of 
some  facies  of  Keene  gneiss,  but  not  the  usual  texture.  They  seem 
to  have  been  intruded  into  the  anorthosite  when  the  latter  was  still 
hot,  as  suggested  by  the  lack  of  sharp  contacts.  Probably  the  best 
interpretation  is  that  the  gabbro-diorite  dike  magma  was  formed  by 
assimilation  of  some  of  the  gabbroid  anorthosite,  and  that  this 
magma  then  rose  to  a  higher  level  and  invaded  the  Whiteface  an¬ 
orthosite. 

The  small  body  of  anorthosite  nearly  a  mile  southeast  of  the 
summit  of  Clark  hill  also  exhibits  some  rather  puzzling  features. 
Most  of  the  rock  is  certainly  to  be  classed  as  Whiteface  anorthosite 
which  is  light  gray  and  medium  to  moderately  coarse-grained.  There 
is  notable  variation  from  a  rock  which  carries  only  5  to  10  per  cent 
of  dark  minerals  (no.  34  of  table  2)  and  is  scarcely  foliated  to  a 
rock  which  carries  15  to  20  per  cent  of  dark  minerals  (no.  78  of 
table  2)  and  is  highly  foliated.  The  foliation  of  the  darker  facies 
curves  locally  and  it  is  quite  certainly  a  magmatic  flow-structure 
foliation.  The  darker  foliated  rock  grades  into  the  lighter  rock 
within  a  few  inches  and  holds  some  inclusions  of  the  lighter  rock. 
It  seems  most  likely  that  the  darker  rock  represents  a  differentia¬ 
tion  phase  of  the  anorthosite  magma  intruded  into  the  already  solid, 
or  practically  solid,  lighter  rock.  Just  to  the  west  there  is  a  small 
ledge  of  Whiteface  anorthosite  in  not  very  sharp  contact  with  a 
hornblende  gneiss  which  contains  scattering  bluish  gray  labradorite 
phenocrysts.  This  gneiss  carries  a  few  small  inclusions  of  White- 
face  anorthosite.  Very  close  by,  but  not  in  contact  with  the  gneiss, 
there  is  an  outcrop  of  typical  coarse  granite.  The  gneiss  with  the 
labradorites  is  probably  Keene  gneiss  which  resulted  from  assimila¬ 
tion  of  some  of  the  anorthosite  by  granite  magma. 

Several  dikes  of  nearly  pure  plagioclase  rock,  already  described 
(see  page  21)  as  occurring  in  the  gabbro  one-fourth  of  a  mile  south¬ 
east  of  the  small  area  of  anorthosite  just  discussed,  are  perhaps  best 
to  be  interpreted  as  dikes  from  the  anorthosite  magma,  though  direct 
connection  with  the  anorthosite  body  could  not  be  established  in  the 
field.  This  evidence,  so  far  as  it  is  worth  anything,  indicates  that 
the  anorthosite  is  younger  than  the  gabbro.  It  is  also  of  interest 
to  note  that  the  well-defined  dikes  of  nearly  pure  plagioclase  (anor¬ 
thosite)  rock  without  granulation  afford  a  bit  of  new  evidence  op- 
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posed  to  the  statement  recently  made  'by  Bowen1  to  the  effect  that 
practically  pure  plagioclase  rocks  never  exist  as  dikes  because  they 
have  never  been  truly  molten  as  such. 

Quartz  Syenite  and  Granitic  Syenite 

Four  areas  of  quartz  syenite  and  granitic  syenite,  comprising  less 
than  5  square  miles,  are  represented  on  the  accompanying  geologic 
map.  Considering  the  great  volumes  of  such  rocks  throughout  the 
Adirondack  region,  they  are  unusually  scantily  developed  within  the 
Lyon  Mountain  quadrangle.  Thus  in  the  Lake  Placid  quadrangle, 
next  to  the  south,  quartz  syenite  covers  fully  35  square  miles.  But 
other  rocks,  such  as  the  Lyon  Mountain  granite,  Hawkeye  granite, 
pegmatite  and  silexite  are  abundantly  developed  within  the  quad¬ 
rangle.  The  quartz  syenite  and  granitic  syenite  are  generally  med¬ 
ium-grained,  more  or  less  well  foliated,  greenish  gray  where  fresh, 
and  brown  when  weathered.  Nos.  6,  9,  44  and  59  of  table  3  give 
the  mineral  contents  of  thin  sections  of  rocks  from  three  of  the 
areas. 

In  the  area  il/2  miles  southeast  of  Lyon  Mountain  village  the  rock 
varies  from  quartz  syenite  to  granitic  syenite  which  latter  grades 
into  the  coarse  Hawkeye  granite  (see  below)  on  the  east  and  into 
typical  Lyon  Mountain  granite  on  the  west.  The  rock  is  medium 
grained,  moderately  foliated,  and  rather  uniform  except  for  many 
small  masses  of  pegmatite  and  silexite  which  lie  parallel  to  the  folia¬ 
tion.  The  rock  looks  much  like  ordinary  Adirondack  syenite.  No. 
44  of  table  3  represents  the  quartz  syenite  from  a  few  rods  north¬ 
east  of  the  summit  of  the  hill.  The  diallage  is  light  green  with  ex¬ 
cellent  parting,  and  the  pleochroism  of  the  hornblende  varies  from 
yellowish  green  to  deep  brownish  green. 

In  the  area  which  extends  from  1  to  2^2  miles  north-northeast 
of  Union  Falls  there  are  many  good  exposures  of  quartz  syenite  and 
granitic  syenite  clearly  grading  into  Lyon  Mountain  granite  on  each 
of  the  two  mountain  spurs.  In  the  southern  half  of  the  area  the 
rock  is  very  distinctly  foliated,  while  in  the  northern  half  it  is  not. 
Most  of  the  rock  is  medium  grained  and  greenish  gray  where  fresh, 
weathering  to  brown.  There  are  crudely  defined  zones  of  more 
granitic  rock  within  the  general  mass  of  quartz  syenite.  Slide  no. 
6  of  table  3  gives  the  mineral  content  of  quartz  syenite  from  the 
northern  part  of  the  area. 


1  Bowen,  N.  L.  Jour.  Geol.  25:218  and  242.  1917. 
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The  largest  area  of  granitic  syenite  lies  between  Riverview  and 
Sugarbush.  It  is  nearly  3  miles  long  with  a  maximum  width  of 
ip3  miles.  There  are  many  good  exposures.  No.  9  of  table  3  is 
from  a  ledge  on  top  of  the  hill  one-half  of  a  mile  north  of  Mud 
pond.  It  is  a  granitic  syenite  with  strong  dioritic  affinity.  No.  59 
of  the  same  table  is  from  a  ledge  on  top  of  the  hill  one-half  of  a 
mile  west  of  Mud  pond.  The  hill  north  of  Mud  pond  shows  many 
out-crops  of  medium-grained  granitic  syenite  with  rather  distinct 
wavy  magmatic  flow-structure  foliation  with  many  pegmatite  and  sil- 
exite  masses  arranged  parallel  to  the  foliation  and  some  cutting 
across.  In  one  exposure  the  rock  in  every  way  seems  to  be  inter¬ 
mediate  betwen  quartz  syenite  and  the  coarse  (Hawkeye)  granite. 
On  the  ridge  west  of  Mud  pond  the  rock  is  mostly  very  similar  except 
for  some  local  facies  which  are  coarser  grained  and  more  quartzose, 
thus  suggesting  facies  of  the  Hawkeye  granite.  Just  north  of  the 
river  at  the  very  northern  end  of  the  area,  moderately  foliated  quartz 
syenite  or  granitic  syenite  relatively  free  from  pegmatite  may  be 
seen  to  grade  perfectly  into  typical  pink  well-foliated  Lyon  Mountain 
granite  which  is  rich  in  pegmatite. 

A  big  exposure  on  top  of  the  hill  in  the  small  area  iy§  miles 
southwest  of  Hammond  school  is  mostly  medium  grained,  moderately 
foliated  quartz  syenite  with  some  zones  or  belts  of  more  granitic 
rock. 

Hawkeye  Granite 

Coarse-grained  granite,  called  Hawkeye  granite  because  of  ex¬ 
cellent  exposures  in  the  vicinity  of  Hawkeye  village,  is  quite  defi¬ 
nitely  known  to  occupy  at  least  60  square  miles  of  the  area  of  the 
quadrangle.  This  rock  extends  southward  into  the  Lake  Placid  quad¬ 
rangle  where  the  writer  has  described  it  as  granite  porphyry.  Similar 
rock  has  been  described  from  various  portions  of  the  Adirondack 
region. 

The  Hawkeye  granite  commonly  consists  almost  wholly  of  micro- 
perthite,  microcline,  quartz  and  acidic  plagioclase,  together  with  dark 
minerals  ranging  from  as  low  as  1  or  2  per  cent  to  8  or  10  per  cent. 
Nos.  3,  39  and  51  of  table  3  illustrate  the  usual  range  in  mineral 
content  of  the  more  common  facies.  Feldspar  and  quartz  crystals 
usually  range  in  length  from  one-fourth  of  an  inch  to  an  inch,  and 
not  uncommonly  one  or  both  of  these  minerals  stand  out  more  or 
less  conspicuously  as  phenocrysts  in  a  groundmass  of  medium  to 
only  moderately  coarse-grained  feldspar  and  quartz.  Such  por- 
phyritic  facies  are  really  to  be  classed  as  granite  porphyry. 


Plate  3 


W .  J.  Miller,  photo  1917 

A  near  view  of  the  Hawkeye  granite  at  its  type  locality  by  the  road  one-third 
of  a  mile  southeast  of  Hawkeye, 


Table  3 

Thin  sections  of  granite  and  syenite 
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Most  of  the  Hawkeye  granite  is  gneissoid  due  essentially  to  mag¬ 
matic  flowage,  but  locally  there  are  considerable  bodies  of  the  rock 
which  are  practically  devoid  of  foliation.  Most  of  the  rock  is  mod¬ 
erately  gneissoid,  as  for  example  by  the  road  one- fourth  of  a  mile 
southeast  of  Hawkeye ;  in  the  western  part  of  Silver  Lake  mountains ; 
and  at  the  summit  of  Lyon  mountain.  In  some  extreme  cases  the 
Hawkeye  granite  has  been  so  excessively  foliated  that  the  resulting 
rocks  are  really  schists  instead  of  gneisses.  In  some  localities  the 
degree  of  foliation  varies  notably  within  a  few  yards  or  rods. 

Granulation  of  the  feldspar  is  common  in  the  foliated  Hawkeye 
granite,  the  degree  of  granulation  increasing  with  the  degree  of  the 
foliation.  Apparently  during  the  process  of  granulation  the  feldspar 
crystals  were  more  or  less  flattened  out,  commonly  leaving  cores  or 
“eyes”  of  the  larger  individuals  unaffected  by  the  granulation.  The 
quartzes  have,  however,  been  little  affected  by  the  granulation,  though 
they  have  mostly  been  flattened  out  parallel  to  the  foliation.  In 
extreme  cases  the  quartz  individuals  have  been  flattened  into  wavy 
layers  i  to  2  inches  long  and  only  one-eighth  to  one-sixteenth  of  an 
inch  thick,  with  fine  granular  feldspar  filling  in  between  the  layers. 
Big  ledges  at  the  summit  of  Lyon  mountain  exhibit  foliation  with 
moderate  granulation  of  the  feldspar  and  flattening  of  quartz,  while 
outcrops  in  a  field  three-fourths  of  a  mile  south-southwest  of  Russia 
station  beautifully  illustrate  the  excessive  flattening  of  quartzes  and 
granulation  of  feldspars. 

Very  fresh  Hawkeye  granite  could  be  obtained  in  only  a  few 
localities,  as  for  example  by  the  road  one-fourth  of  a  mile  southeast 
of  Hawkeye  village.  In  such  rocks  the  color  is  greenish  gray.  In 
many  places  apparently  rather  fresh  coarse  granite  has  pink  feld¬ 
spars,  the  pink  color  probably  being  original.  Where  weathered  the 
rock  varies  in  color  from  pinkish  gray  to  brown. 

As  a  result  of  both  field  and  laboratory  studies  it  seems  quite 
conclusive  that  the  Hawkeye  granite  represents  a  differentiation 
phase  of  the  great  body  (or  bodies)  of  the  Adirondack  syenite-gran¬ 
ite  series.  In  the  above  description  of  the  quartz  syenite  and  gran¬ 
itic  syenite  mention  has  been  made  of  the  transition  of  those  rock 
types  into  the  Hawkeye  granite.  Such  actual  transition  could  rarely 
be  observed  because  the  scantily  developed  syenite  seldom  lies  along¬ 
side  the  coarse  granite.  In  no  case,  however,  was  syenite  or  granitic 
syenite  observed  to  cut  the  Hawkeye  granite  or  vice  versa. 

The  relation  of  the  Hawkeye  granite  to  the  Lyon  Mountain  gran¬ 
ite  seems  clearly  established.  The  evidence  is  very  strong  that  both 
represent  differentiation  facies  of  a  single  intrusive  magma.  In 
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many  localities  perfect  gradations  from  one  into  the  other  were 
observed,  and  in  no  case  was  one  found  to  really  cut  the  other. 
Among  many  places  where  the  gradation  from  Hawkeye  granite  to 
Lyon  Mountain  granite  is  well  exhibited  are  the  following :  west  side 
of  the  small  area  of  Lyon  Mountain  granite  xj4  miles  southeast  of 
Hammond  school;  on  the  mountain  side  2j4  miles  a  little  west  of 
south  of  Chazy  Lake  station;  and  along  Deep  Inlet  brook  2  miles 
east  of  Lyon  Mountain  village. 

Within  the  Hawkeye  granite  there  are  some  belts  or  zones  of 
medium-grained  granite  from  a  few  yards  to  some  rods  wide  which 
strongly  suggest  the  Lyon  Mountain  granite.  Such  zones  are  not  at 
all  sharply  separated  from  the  coarse  granite.  A  few  localities  are 
as  follows:  along  the  summit  of  the  eastern  half  of  Silver  Lake 
mountains,  one  belt  being  wide  enough  to  be  shown  on  the  map; 
one-fourth  of  a  mile  southeast  of  Goldsmith;  one-half  of  a  mile 
southwest  of  Barnes  pond,  where  the  medium-grained  granite  con¬ 
tains  many  inclusions  of  metagabbro  and  Grenville;  and  ij4  miles 
south  of  Hammond  school.  There  are  also  some  local  zones  of  coarse 
granite  within  the  Lyon  Mountain  granite. 

It  is  a  striking  fact  that  the  Hawkeye  granite  contains  very  few 
masses  or  inclusions  of  the  older  rocks  (particularly  metagabbro), 
while  the  Lyon  Mountain  granite  commonly  abounds  with  them.  The 
probable  significance  of  this  fact  is  discussed  under  the  caption 
“mixed  rocks.” 

Lyon  Mountain  Granite 

The  Lyon  Mountain  granite  is  the  most  abundantly  developed 
rock  of  the  quadrangle,  its  rather  definitely  known  areal  extent  being 
fully  ioo  square  miles.  It  is  so  named  because  of  the  excellent  ex¬ 
posures  in  and  around  Lyon  Mountain  village.  This  rock  is  perhaps 
the  most  conspicuous  member  of  Cushing’s  “Saranac  formation.”1 
This  formation  name  was  used  in  a  rather  broad  sense  by  Cushing 
to  include  not  only  the  pink  medium-grained  (Lyon  Mountain)  gran¬ 
ite  and  the  coarse  (Hawkeye)  granite,  but  also  most  of  the  meta¬ 
gabbro  and  mixed  rocks  which  are  separately  mapped  and  described 
in  this  paper. 

A  remarkable  feature  of  the  Lyon  Mountain  granite  is  the  truly 
wonderful  display  of  pegmatite  and  silexite  in  the  form  of  dikes, 
segregation  masses  and  inclusions  which  it  contains.  In  hundreds 
of  places  pegmatite  and  silexite  are  so  abundant  as  to  constitute  con¬ 
siderable  percentages  of  the  bulk  of  the  rock.  Because  of  their 


1  Cushing,  H.  P.  N.  Y.  State  Mus.  Bui.  95.  1905.  p.  299-303. 
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interest  and  importance  they  are  discussed  somewhat  fully  under 
the  next  heading. 

All  the  numerous  magnetitic  iron  ore  deposits  of  the  quadrangle, 
including  those  of  the  Lyon  Mountain  mines  now  in  operation,  are 
directly  associated  with  the  Lyon  Mountain  granite.  Because  of 
their  economic  value  and  special  geologic  interest  these  ore  deposits 
are  rather  fully  considered  beyond  under  the  caption  “magnetic  iron 
ores.” 

The  great  bulk  of  the  more  typical  Lyon  Mountain  granite  con¬ 
tains  not  more  than  5  to  10  per  cent  of  dark  minerals.  In  many  cases 
the  minerals  other  than  feldspar  and  quartz  fall  to  below  3  per  cent, 
and  such  facies  may  well  be  designated  aplitic  granite.  Thin  sec¬ 
tions  of  some  of  the  more  typical  rocks  are  represented  in  table  3. 
Locally,  probably  due  to  incorporation  of  material  from  the  old  gab- 
bro  or  amphibolite,  dark  minerals  are  fairly  conspicuous.  Such  rocks 
are  well  exposed  in  the  walls  of  the  High  falls  gorge  near  Moffits- 
ville. 

The  granularity  of  the  Lyon  Mountain  granite,  excluding  the  close¬ 
ly  involved  pegmatites,  varies  from  moderately  fine-grained  to 
medium-grained.  In  many  cases  there  is  notable  variation  in  degree 
of  granularity  in  local  zones  parallel  to  the  foliation. 

The  Lyon  Mountain  granite  is  generally  moderately  foliated,  this 
being  essentially  a  magmatic  flow-structure.  In  some  cases  consid¬ 
erable  masses  of  the  rock  show  little  or  no  foliation,  while  in  other 
cases  the  gneissoid  structure  is  highly  developed,  locally  excessively 
so.  Also,  as  with  the  Hawkeye  granite,  there  are  many  notable  dif¬ 
ferences  in  degree  of  foliation  within  a  few  yards  or  rods. 

Granulation  of  the  Lyon  Mountain  granite,  more  especially  its 
feldspars,  is  extremely  variable.  Commonly  it  is  moderately  de¬ 
veloped,  but  some  thin  sections  show  practically  none,  while  others 
are  highly  granulated.  The  quartzes  are  not  much  granulated  but 
they  nearly  always  exhibit  strain  shadows  in  thin  section.  It  appears 
to  be  a  genera]  rule  that  the  degree  of  granulation  increases  with 
increase  in  perfection  of  development  of  the  gneissoid  structure.  The 
granulation,  like  the  foliation,  is  considered  to  have  resulted  from 
magmatic  movements  during  a  late  stage  of  magma  consolidation. 

The  fresh  rocks  show  a  color  range  from  gray  or  greenish  gray 
through  pinkish  gray  to  light  red,  the  pink  to  light  red  rocks  being 
predominant.  They  weather  to  light  brown  or  grayish  white. 

All  the  evidence  strongly  points  to  the  development  of  the  Lyon 
Mountain  granite  from  the  same  great  general  intrusive  magma  which 
also  gave  rise  to  the  quartz  syenite,  granitic  syenite,  and  Hawkeye 
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granite.  Examples  of  perfect  gradation  of  the  Lyon  Mountain  gran¬ 
ite  into  the  syenite  on  one  hand,  and  into  Hawkeye  granite  on  the 
other,  have  already  been  given.  No  evidence  was  obtained  which 
indicates  that  any  one  of  these  igneous  types  is  distinctly  different  in 
age  from  another.  In  some  cases  differentiation  zones  or  belts  of 
relatively  coarser  (Hawkeye)  granite  occur  in  the  Lyon  Mountain 
granite  parallel  to  its  foliation  as,  for  example,  by  the  road  8  miles 
east  of  Clayburg  and  on-  the  hill  2  miles  northeast  of  Goldsmith. 

Not  only  is  the  Lyon  Mountain  granite  commonly  very  rich  in 
masses  of  pegmatite  and  silexite,  but  it  also  contains  many  masses 
of  older  rocks,  especially  gabbro  and  amphibolite  which  are  in  many 
cases  rather  intricately  involved  with  the  granite.  This  is  notably 
true  in  the  general  vicinity  of  Lyon  Mountain  village  and  in  the 
vicinities  of  Russia  station,  Moffitsville,  Redford  and  Clayburg.  The 
probable  significance  of  so  many  inclusions  of  old  rocks  in  the  Lyon 
Mountain  granite  is  discussed  beyond  under  the  caption  “mixed 
rocks/’ 

Pegmatite,  Silexite  and  Aplite 

General  statement.  During  12  seasons  of  field  work  in  the 
Adirondack  mountain  region  the  writer  has  made  many  hundreds 
of  observations  on  bodies  of  pegmatite,  silexite  and  aplite.  Some 
of  the  phenomena  long  proved  to  be  very  puzzling,  and  more  re¬ 
cently  it  has  become  evident  that  certain  generally  accepted  inter¬ 
pretations  of  such  phenomena  are  not  satisfactory  when  applied  to 
many  of  the  occurrences  in  the  Adirondacks.  While  engaged  in 
the  detailed  mapping  of  the  Lyon  Mountain  quadrangle,  the  writer 
was  soon  impressed  by  the  exceptional  opportunity  for  a  careful 
study  of  the  pegmatite,  silexite  and  aplite  bodies  which  are  there 
so  wonderfully  exhibited  in  countless  numbers.  Many  detailed  notes 
were  taken  and  sketches  made. 

Silexite.  The  term  “silexite”  has  been  proposed  by  the  writer 
for  any  body  of  pure  or  nearly  pure  silica  of  igneous  or  aqueo-ig- 
neous  origin  which  occurs  as  a  dike,  segregation  mass,  or  inclusion 
within  or  without  its  parent  rock.1  Socalled  “quartz  dikes”  are  in¬ 
cluded. 

Hundreds  of  silexite  masses  were  observed  in  the  granites  of  the 
Lyon  Mountain  quadrangle.  They  are  most  abundant  by  far  in 
the  Lyon  Mountain  granite.  The  evidence  is  decisive  that  they  are 
not  true  veins.  None  of  them  ever  show  crustification,  and  many 
of  them  grade  into  true  pegmatite.  Thus  at  the  summit  of  Duncan 


1  Miller,  W.  J.  Science.  49:  149.  1919. 
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Figure  i.  Pegmatitic  offshoots  of  the  Lyon  Mountain  granite  cutting  moder¬ 
ately  injected  metagabbro,  i  mile  east-northeast  of  Goldsmith. 

Figure  2  An  inclusion  of  fine-grained  amphibolite  in  Lyon  Mountain  granite, 
showing  the  magmatic  flow-structure  of  the  granite  closely  conforming  to 
the  borders  of  the  inclusion,  2  miles  west  of  Moffitsville. 

Figure  3  A  pegmatite  dike  cutting  across  strips  of  metagabbro  in  Lyon 
Mountain  granite  at  the  top  of  the  hill  1  mile  west  of  Riverview. 
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mountain  and  also  just  south  of  the  southern  summit  of  Alder  Brook 
mountains,  where  both  pegmatite  and  silexite  are  grandly  exhibited 
in  the  large  bare  ledges  of  Lyon  Mountain  granite,  one  may  observe 
every  possible  gradation  from  typical,  moderately  coarse  grained 
pegmatite  consisting  mostly  of  pink  potash  feldspar  and  some 
quartz ;  to  about  equal  amounts  of  feldspar  and  quartz ;  to  mostly 
quartz  with  some  scattering  crystals  of  feldspar ;  to  practically  pure 
silica  (silexite).  Most  of  the  silexite  contains  1  or  2  per  cent  of 
feldspar  in  the  form  of  small  crystalline  masses  with  rather  blurred 
contacts  against  the  silica.  A  thin  section  of  silexite  from  the  top 
of  Duncan  mountain  contains  98  per  cent  of  quartz  with  wavy  ex¬ 
tinction  and  2  per  cent  of  microperthite.  All  the  facies  just  men¬ 
tioned  occur  on  Duncan  mountain  not  only  in  the  form  of  dikes 
more  or  less  parallel  to  the  foliation  of  the  granite,  but  also  often  as 
irregular  bunches  or  lenses  crudely  parallel  to  the  foliation,  the 
original  masses  in  the  latter  cases  apparently  having  been  broken 
up,  pulled  apart  and  the  pieces  more  or  less  shifted,  after  they  were 
developed,  by  movements  in  the  granite  magma  which  still  poss¬ 
essed  a  considerable  degree  of  fluidity.  Such  breaking  up  and  shift¬ 
ing  of  pegmatite  and  silexite  masses  appear  to  have  been  most  not¬ 
ably  true  of  the  silexite.  Many  of  the  later  pegmatite  dikes  (described 
below)  exhibit  no  such  phenomena.  We  are  led  to  conclude,  there¬ 
fore,  not  only  that  many  masses  of  practically  pure  silica  (silexite) 
separated  from  the  granite  magma  well  before  many  of  the  ordinary 
pegmatites,  but  also  that  the  separation  of  the  silica  took  place  well 
before  the  complete  solidification  of  the  granite  magma.  Accord¬ 
ingly,  those  masses  of  silexite  which  developed  early  (probably  as 
segregation  masses)  and  were  broken  up  and  more  or  less  shifted 
in  the  magma  are  to  be  regarded  as  inclusions  in  the  granite. 

The  following  sketches  (figures  4,  5,  6)  of  portions  of  the  ledges 
at  the  summit  of  Duncan  mountain  will  suffice  to  make  clear  the 
above  conclusions.  Figure  4  shows  seven  fragments  of  silexite. 
Evidently  they  represent  portions  of  one  or  more  masses  which 
were  broken  up  and  strung  out  in  the  magmatic  current.  The  wrap¬ 
ping  of  the  magmatic  flow-structure  about  the  fragments  is  very 
evident.  Contacts  of  the  silexite  against  the  granite  are  sharp.  That 
these  fragments  are  true  inclusions  of  silexite  which  must  have  de¬ 
veloped  (probably  by  segregation)  well  before  the  final  consolida¬ 
tion  of  the  granite  magma  is  strongly  supported  by  the  undoubted 
inclusions  of  both  Grenville  strata  and  the  older  gabbro  which,  in 
the  Lyon  Mountain  district,  have  been  observed  to  bear  exactly 
similar  relations  to  the  granite  (see  figure  8).  Unlike  the  Grenville 
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Figures  4,  5,  and  6.  Sketches  of  portions  of  ledges  at  the  top  of 
Duncan  mountain  showing  the  relations  of  silexite  and  pegmatite 
to  the  foliated  granite. 
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and  gabbro  inclusions,  however,  the  fragments  of  silexite  are  not 
distinctly  older  than  the  granite.  They  are  early  facies  of  the  peg- 
matitic  masses  which  developed  during  the  intrusion  of  the  granite 
and  probably  after  the  magma  had  come  nearly  to  rest.  Thus  other 
adjacent  ledges  of  granite  at  the  top  of  Duncan  mountain  show 
distinct  inclusions  of  silica  which  contain  varying  amounts  of  feld¬ 
spar,  though  seldom  more  than  15  or  20  per  cent.  Usually  with 
increased  feldspar  content  the  contacts  against  the  granite  are  less 
sharp.  In  many  cases  silica,  usually  with  a  small  content  of  feld¬ 
spar,  also  exists  in  rather  distinct  dikelike  form  with  only  fairly 
sharp  contacts  against  the  granite.  Again,  in  many  cases,  prac¬ 
tically  pure  silexite  and  ordinary  pegmatite,  the  one  grading  into 
the  other,  occur  in  the  same  inclusion  or  dike.  Just  south  of  the 
southern  summit  of  Alder  Brook  mountains  the  large  bare  ledges 
contain  many  pegmatite  and  silexite  masses  which  exhibit  the  fea¬ 
tures  just  described,  the  pegmatite  and  silexite  there  often  grading 
into  each  other.  Some  of  these  cut  the  granite  very  irregularly  in 
true  dike  form  without  very  sharp  contacts.  Phenomena  like  those 
above  described  have  been  observed  in  many  parts  of  the  Lyon 
Mountain  quadrangle. 

Figure  5  shows  two  larger  masses  of  nearly  pure  silica  (silexite) 
with  their  long  axes  parallel  to  the  fluxion  structure  of  the  enclos¬ 
ing  granite;  with  very  distinct  magmatic  flow-structure  foliation 
curved  about  them ;  and  with  sharp  contacts  against  the  granite. 

A  more  exceptional  case  is  shown  by  figure  6.  The  larger  mass 
of  silexite  is  exceedingly  irregular  in  shape,  and  it  locally  contains 
considerable  feldspar.  Both  inclusions  seem  to  lie  almost  at  right 
angles  to  the  foliation  of  the  granite,  though  it  is  quite  possible  that 
this  ground  plan  sketch  does  not  actually  represent  the  position  of 
the  whole  original  larger  mass  of  silexite  from  which  the  inclusions 
were  derived  in  the  granite.  Fluxion  structure  is  locally  distinctly 
curved  on  one  side  of  the  smaller  fragment  of  silexite,  and  also  be¬ 
tween  it  and  the  larger  fragment. 

Figure  7  shows  a  very  interesting  silexite  dike  unusually  thick  at 
one  end  and  with  five  clearly  defined  dikelike  branches  cutting  the 
granite  at  the  other  end.  The  silexite  contains  not  over  10  per  cent 
of  feldspar  scattered  through  it  in  tiny  masses.  Contacts  against 
the  granite  are  only  fairly  sharp,  and  the  foliation  of  the  granite 
nowhere  curves  around  the  silexite.  This  is  quite  certainly  a  true 
dike  of  silexite,  and  it  was  formed  later  than  the  silexite  of  figures 
4,  5,  and  6,  so  it  was  not  pulled  apart  by  the  granite  magma  which 
had  already  nearly  or  quite  consolidated. 
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A  small  lens  of  silexite  occurs  as  a  distinct  inclusion  with  sharp 
contacts  in  one  of  the  later  pegmatites  (see  below)  on  the  low  ridge 
i  mile  east-northeast  of  Goldsmith. 

A  mass  of  nearly  pure  silica  (silexite),  which  demonstrably 
formed  well  before  the  solidification  of  the  medium-grained  granite 
which  contains  it,  occurs  on  the  ridge  I  mile  northeast  of  the  mouths 
of  Two  Brooks  near  Goldsmith.  A  lens  of  silexite  was  there  pulled 
apart  in  the  magma,  some  of  which  flowed  into  the  intervening  space. 
Contacts  are  sharp  and  highly  foliated  granite  occurs  only  close  to 
the  silexite. 

Some  interesting  masses  of  silexite  of  relatively  late  origin  occur 
in  slightly  foliated  quartz  syenite  on  the  hill  of  a  mile  north  of 
Mud  pond  near  Riverview.  South  of  the  summit  of  this  hill  sev- 


Figure  7.  A  mass  of  silexite  28  feet  long  with  branching  dikes  in  the 
granite,  on  the  ridge  one  and  two-thirds  miles  north-northeast  of  Union 
Falls. 


eral  dikes  of  silexite  contain  very  little  feldspar  and  they  lie  parallel 
to  the  foliation  of  the  syenite  without  sharp  contacts.  About  40 
rods  east  of  the  summit  of  the  hill  a  pegmatite  dike  10  inches  wide 
and  15  feet  long  grades  into  the  quartz  syenite  on  either  side  and 
lies  parallel  to  the  foliation.  The  middle  of  the  dike  or  segregation 
mass  is  nearly  pure  silica  (silexite)  which  grades  into  the  pegmatite. 
Close  at  hand  a  coarse-grained  pegmatite  dike  several  feet  wide  cuts 
obliquely  across  the  foliation,  this  dike  therefore  belonging  with  the 
latest  pegmatites  below  described. 

Figure  8  represents  a  small  portion  of  a  belt  of  granite  25  to  30 
feet  wide  and  100  feet  long  which  contains  many  angular  inclusions 
of  silexite  and  Grenville  quartzite  and  schist.  All  the  inclusions 
have  sharp  contacts  and  most  of  them  have  their  long  axes 
roughly  parallel  to  the  magmatic  flow-structure  foliation  which  tends 
to  curve  about  them.  Masses  of  nearly  pure  silexite  of  very  early 
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origin  were  here  pulled  to  pieces  and  the  pieces  were  moved  in  the 
still  fluid  granite. 

Some  fine  examples  of  crudely  lens-shaped  masses  of  practically 
pure  silica  (silexite)  have  been  observed  by  the  writer  in  the  Blue 
Mountain  quadrangle  in  syenite,  granite  and  mixed  gneisses  appar¬ 
ently  always  parallel  to  the  foliation  of  the  enclosing  rock.  In  one 
case  a  small  dike  of  pegmatite  sharply  cuts  a  long  narrow  lens  of 
silexite. 

Earlier  pegmatites.  A  great  many  masses  of  true  pegmatite  of 
early  origin  lie  in  the  Lyon  Mountain  granite  parallel  to  its  folia¬ 
tion.  The  mineral  content  of  these  early  pegmatites  is  remarkably 


Figure  8.  Angular  inclusions  of  both  silexite  and  Grenville  quartzite  in 
foliated  granite  at  the  top  of  the  hill  one-third  of  a  mile  south-southwest 
of  Barnes  pond. 


simple,  by  far  most  of  them  consisting  very  largely  of  quartz  and 
potash  feldspar  (mostly  microcline)  ;  some  microperthite  and  oligo- 
clase ;  and  a  little  biotite.  A  thin  section  of  typical  earlier  pegmatite 
from  the  summit  of  Duncan  mountain  contains :  quartz,  40 ;  micro¬ 
cline,  42;  microperthite,  10;  oligoclase,  7;  biotite,  1;  and  hematite 
stains.  Some  pegmatites  probably  to  be  classed  with  the  early  ones, 
though  not  with  the  earliest,  carry  more  or  less  magnetite,  hornblende, 
or  pyroxene,  but  these  minerals  appear  to  have  been  largely  or  wholly 
derived  from  the  old  dark  gneisses  and  gabbro  which  were  invaded 
by  the  granite.  A  thin  section  of  such  pegmatite  which  is  closely  in¬ 
volved  with  magnetic  iron  ore  from  the  old  ore-pile  near  the  road  1 
mile  northeast  of  Lyon  Mountain  village  shows  :  microcline,  20 ;  ortho- 
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clase,  21 ;  oligoclase,  31;  microperthite,  7;  diallage,  15;  quartz,  3J4 ; 
magnetite,  2 ;  titanite,  Y/\ ;  and  a  little  biotite  and  zircon.  Minerals  so 
common  to  pegmatites  in  general,  such  as  tourmaline,  garnet,  mus¬ 
covite,  beryl,  apatite,  and  others,  must  be  exceedingly  rare  if  they 
occur  at  all.  The  only  mineralizer,  therefore,  which  could  have  been 
present  in  very  appreciable  quantity  during  the  crystallization  of 
these  pegmatites  was  water.  These  pegmatites  rarely  if  ever  show 
graphic  intergrowths. 

In  many  localities  from  10  to  50  per  cent  of  the  body  of  the 
granite  consists  of  the  earlier  pegmatite  either  in  the  form  of  narrow 
parallel  bands  from  a  few  feet  to  many  feet  long  causing  the  rock 
to  look  like  a  coarse-banded  gneiss ;  or  as  rather  distinct  lenses  up  to 
several  feet  long;  or  in  the  form  of  “eyes”  or  very  short,  thick, 
more  or  less  rounded  or  elliptical  lenses  usually  not  more  than  a 
few  inches  long  and  from  one-half  to  2  or  3  inches  thick.  The  long 
narrow  bands  almost  invariably  grade  into  the  granite  on  either 
side,  while  the  lenses  and  eyes  generally  show  moderately  sharp  con¬ 
tacts  against  the  granite.  The  mode  of  occurrence  of  such  eyes  of 
pegmatite  is  fairly  well  illustrated  by  figures  5  and  6,  the  granite 
containing  the  eyes  usually  exhibiting  rather  wavy  flow-structure 
foliation  about  them.  From  the  field  relations  it  is  quite  certain 
that  the  eyes  and  short,  rounded  lenses  represent  long  lenses  or 
layers  of  pegmatite  which  formed  before  the  final  consolidation  of 
the  inclosing  granite  and  which  were  pulled  apart  and  strung  out 
parallel  to  the  magmatic  currents  which  were  deflected  around  them. 
Their  mode  of  occurrence  and  lack  of  sharp  contacts  strongly  sug¬ 
gest  that  they  formed  during  a  late  stage  of  magma  consolidation  and 
that  they  are  not  as  old  as  the  oldest  silexite  masses  which  are  now 
represented  as  sharply  defined  inclusions. 

M.  E.  Wilson,1  in  a  description  of  the  gneisses  of  the  Laurentian 
Highlands,  notes  apparently  similar  lenses  of  pegmatite  and  says 
that  a  “lenticular  character  is  particularly  evident  in  the  case  of  the 
pegmatite  which  commonly  occurs  in  a  succession  of  lenses  around 
which  the  foliation  of  the  surrounding  gneiss  bends.” 

Those  pegmatites  which  occur  as  long,  narrow,  irregular  bands  or 
strips  parallel  to  the  granite  foliation  and  which  grade  into  the  gran¬ 
ite,  no  doubt  represent  the  final  or  nearly  final  solidification  of  those 
portions  of  the  granite  in  which  they  occur  and  hence  they  are  prac¬ 
tically  in  situ  and  they  grade  into  the  granite.  Figure  4  shows  a 
single  lens  of  such  pegmatite. 


1  Amer.  Jour.  Sci.  36:  115.  1913. 
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A  typical  example  bringing  out  the  relation  of  the  earlier  to  the 
later  pegmatites  occurs  in  a  big  ledge  on  the  little  hill  just  south 
of  the  mouth  of  Two  Brooks  near  Goldsmith.  Much  of  the  granite 
contains  streaks,  lenses  and  eyes,  usually  less  than  an  inch  wide  and 
not  over  2  feet  long,  of  not  very  coarse  pegmatite  parallel  to  the 
foliation.  This  pegmatite  makes  up  a  very  considerable  percentage 
of  the  rock  mass  with  contacts  varying  from  fairly  sharp  to  not 
sharp.  Cutting  this  combination  of  granite  and  pegmatite  are  sev¬ 
eral  prominent  later  pegmatite  dikes,  6  to  8  feet  wide  and  40  or  50 
feet  long,  carrying  equal  amounts  of  quartz  and  feldspar  and  10  per 
cent  of  biotite.  These  moderately  coarse  grained  later  pegmatite 
dikes  lie  only  in  part  roughly  parallel  to  the  granite  foliation.  This 
ledge  calls  to  mind  an  exposure  observed  by  the  writer  in  the  Blue 
Mountain  quadrangle1  where  lenses  and  eyes  of  pegmatite  parallel 
to  the  foliation  of  a  mixed  gneiss  are  sharply  cut  across  by  a  peg¬ 
matite  dike  of  distinctly  later  origin. 

On  a  little  ridge  1  mile  east-northeast  of  Goldsmith,  an  outcrop 
shows  two  bands  or  long  lenses  of  pegmatite  parallel  to  the  foliation 
of  the  granite  and  without  very  sharp  contacts.  The  upper  lens 
consists  of  two-thirds  quartz  and  one-third  feldspar  and  is  very  uni¬ 
form.  The  lower  lens  is  notably  variable  with  the  different  portions 
not  sharply  separated.  Nearly  pure  silica  (silexite)  and  typical 
pegmatite  here  developed  side  by  side  while  the  inclosing  granite 
was  still  somewhat  fluid  as  shown  by  the  flow-structure  along  the 
lower  side  of  the  lens. 

Near  the  road  2  miles  east-southeast  of  Goldsmith  a  pegmatite 
dike  or  rather  a  segregation  mass  1  foot  wide  and  12  feet  long  which 
lies  parallel  to  the  foliation  of  the  inclosing  granite  and  grades  per¬ 
fectly  into  it  shades  off  into  a  zone  of  nearly  pure  silica  (silexite) 
4  to  5  inches  wide  toward  its  middle.  Both  the  pegmatite  and  the 
silexite  here  developed  side  by  side  by  segregation  during  a  late  stage 
in  the  solidification  of  the  granite  magma,  and  both  pegmatite  and 
silexite  now  occupy  practically  the  place  where  they  solidified. 

A  more  exceptional  mode  of  occurrence  of  the  older  pegmatites 
is  illustrated  in  a  ledge  by  an  old  road  1  mile  northwest  of  the  mouth 
of  Alder  brook.  One  mass  of  pegmatite  a  few  feet  wide  perfectly 
exposed  for  20  feet  contains  orthoclase  crystals  up  to  3  or  4  inches 
long,  and  its  boundaries  against  the  granite  are  sharp.  A  very  evident 
magmatic  flow-structure  follows  the  details  of  the  very  irregular 
boundary  on  either  side  within  6  inches  of  the  pegmatite,  but  1  or 
2  feet  out  the  foliation  is  practically  straight.  Evidently  this  typical 


1  N.  Y.  State  Mus.  Bui.  192.  1916.  Plate  10. 
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pegmatite  developed  unusually  early,  probably  by  segregation,  per¬ 
haps  as  early  as  some  of  the  first  formed  silexite,  that  is  to  say 
when  the  granite  magma  still  possessed  a  considerable  degree  of 
fluidity. 

Later  pegmatites.  As  regards  their  mode  of  occurrence,  these 
later  pegmatites  are  in  most  ways  quite  ordinary.  They  cut  across 
the  granite  foliation  at  all  sorts  of  angles  and  hence  they  must  have 
developed  after  complete,  or  at  least  almost  complete,  solidification 
of  the  granite  which  contains  them.  They  are  true  dikes  generally 
coarser  grained  and  usually  larger  than  the  older  pegmatite  masses 
above  described.  Many  of  them  are  from  i  to  io  feet  wide  and 
from  io  to  50  feet  or  more  long.  They  rarely  if  ever  exhibit  graphic 
intergrowths.  Contacts  against  the  granite  range  from  very  sharp  to 
moderately  sharp,  those  with  very  sharp  boundaries  probably  having 
developed  in  the  solid  relatively  cooler  granite,  while  those  with  less 
sharp  boundaries  probably  were  intruded  into  essentially  solid  but 
relatively  hot  granite.  Most  of  these  dikes  consist  largely  or  wholly 
of  pink  or  white  potash  feldspar  and  quartz ;  some  contain  horn¬ 
blende  or  pyroxene  or  both ;  some  contain  little  or  no  quartz ;  some 
are  almost  pure  quartz  (silexite)  ;  a  few  contain  scapolite,  and  many 
contain  magnetite  in  amounts  ranging  from  1  to  40  or  50  per  cent. 
With  few  exceptions  these  later  pegmatites,  like  the  earlier  ones,  do 
not  contain  any  other  minerals  so  well  known  in  pegmatites  in  gen¬ 
eral.  As  pointed  out  below,  the  hornblende,  pyroxene  and  magnetite 
were  almost  certainly  absorbed  by  the  pegmatites  from  the  old  in¬ 
vaded  dark  gneisses  and  gabbro.  Apatite  in  small  amount,  and  many 
specks  of  titanite,  occur  in  some  of  the  pegmatized  zones  of  the 
granite  in  the  main  workings  of  the  iron  mine  at  Lyon  Mountain 
village,  and  in  somewhat  greater  amounts  in  the  older  workings  to 
the  east.  Throughout  the  Lyon  Mountain  quadrangle,  however,  even 
these  minerals  are  very  rare  or  absent.  Aside  from  water  vapor, 
then,  these  later  pegmatites  must  have  been  mostly  relatively  free 
from  mineralizers. 

Figure  5  shows  one  of  the  later  pegmatites  with  fairly  sharp  con¬ 
tacts  cutting  across  a  ledge  of  granite  which  contains  inclusions  of 
silexite  and  eyes  or  inclusions  of  older  pegmatite. 

Near  the  top  of  the  hill  2  miles  east  of  Goldsmith,  a  distinctly 
later  pegmatite  dike  not  only  cuts  across  the  foliation  of  the  granite, 
but  it  also  sharply  cuts  earlier  formed  lenslike  masses  of  both  peg¬ 
matite  and  silexite. 

Just  south  of  the  southern  summit  of  Alder  Brook  mountains, 
several  dikes  of  ordinary  pink  pegmatite  grading  into  practically 
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pure  silexite  cut  the  granite  in  all  directions  without  very  sharp  con¬ 
tacts. 

A  fine  ledge  clearly  exhibiting  the  relations  of  earlier  pegmatite 
and  silexite  to  later  pegmatite  occurs  on  the  little  hill  J4  of  a  mile 
northwest  of  the  mouth  of  the  eastern  of  the  Two  Brooks  near  Gold¬ 
smith.  Thin-bedded  Grenville  quartzite  and  gneiss  are  mostly  high¬ 
ly  injected  with  medium-grained  granite  and  pegmatite,  and  silexite. 
This  combination  of  rocks  is  locally  much  contorted  due  to  magmatic 
movements,  and  the  older  pegmatite  and  silexite,  especially  the  lat¬ 
ter,  are  much  broken  up  and  kneaded  into  the  mass,  thus  proving  that 
this  pegmatite  and  silexite  originated  before  the  solidification  of  the 
granite  magma.  Ordinary  pegmatites  cut  across  this  ledge  of  mixed 
rocks  in  true  dikelike  form  at  various  angles,  and  they  are  not  broken 
up,  thus  clearly  indicating  their  distinctly  later  origin,  that  is,  after 
the  solidification,  or  at  least  almost  complete  solidification,  of  the 
granite  magma. 

The  occurrence  of  magnetite,  hornblende,  and  pyroxene  in  many 
of  the  later  pegmatites  will  now  be  briefly  discussed.  One  or  more 
of  these  minerals  may  be  observed  in  the  later  pegmatites  of  the 
Lyon  Mountain  quadrangle  in  many  places,  but  almost  invariably 
only  where  the  pegmatites  are  known  to  be  directly  associated  with 
an  older  hornblende  gneiss  or  gabbro,  though  not  all  the  pegmatites 
thus  associated  contain  one  or  more  of  the  minerals  mentioned.  The 
field  evidence  strongly  points  to  a  derivation  of  these  minerals  from 
the  older  basic  rocks  by  the  pegmatites  during  their  intrusion.  It 
is  significant  that  more  or  less  magnetite  occurs  in  later  pegmatites 
at  every  one  of  the  dozen  or  more  localities  from  which  magnetic 
iron  ore  has  been  mined  in  the  Lyon  Mountain  quadrangle  and  also 
at  many  other  places.  A  few  of  the  more  typical  field  occurrences 
will  now  be  briefly  described. 

In  the  old  mine  at  Russia  Station  pink  granite  and  pegmatite  have 
been  intimately  injected  into  more  or  less  hornblende  gneiss  (pre¬ 
sumably  gabbro)  and  much  of  the  hornblende  has  been  altered  or 
recrystallized  into  green  monoclinic  pyroxene,  some  of  which  occurs 
locally  in  the  form  of  coarse  granular  masses  several  inches  across. 
Magnetite  is  variably  abundant  in  all  the  rocks,  but  it  is  especially 
so  in  the  coarser  pegmatites  and  the  silexite  of  later  origin  which 
occur  as  rather  well  defined  dikes. 

On  the  ridge  1^2  miles  northeast  of  Standish  a  very  irregular 
pegmatite  dike,  with  a  maximum  width  of  30  feet  and  traceable  for 
150  feet,  lies  in  contact  with  gneissoid  gabbro.  The  pegmatite  is 
moderately  coarse  to  very  coarse,  and  it  is  very  rich  in  magnetite 
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many  masses  of  which  are  from  i  to  3  inches  across.  Some  tongues 
of  the  pegmatite  rich  in  magnetite  cut  across  the  foliation  of  the 
gabbro. 

On  Elbow  Hill  2  miles  east-northeast  of  Lyon  Mountain  village, 
a  pegmatite  dike  10  feet  wide  and  30  feet  long  is  directly  associated 
with  a  mixture  of  granite  and  gneissoid  gabbro.  This  pegmatite 
is  practically  a  silexite,  being  very  rich  in  quartz  and  low  in  feld¬ 
spar,  and  it  contains  much  magnetite  in  masses  up  to  several  inches 
across.  The  magnetite  and  quartz  appear  to  be  of  the  same  genera¬ 
tion.  Some  of  the  more  ordinary  later  pegmatites  close  by  contain 
little  or  no  magnetite. 

In  one  of  the  ore  pits  near  the  south  end  of  the  main  workings 
at  Lyon  Mountain,  a  pegmatite  dike  from  1  to  2  feet  wide  and  ex¬ 
posed  for  75  feet  rather  sharply  cuts  intricately  mixed  pink  granite 
and  hornblende  gneiss.  This  pegmatite  carries  little  or  no  quartz, 
much  oligoclase  and  some  magnetite.  A  thin  section  contains :  oli- 
goclase,  88 ;  orthoclase,  5 ;  microcline,  1 ;  magnetite,  1 ;  epidote,  2 ; 
muscovite,  2;  titanite,  ;  cordierite(  ?)  y2\  and  a  little  zircon. 

By  the  river  1  mile  south-southeast  of  Moffitsville,  later  pegma¬ 
tite  cuts  intricately  involved  granite  and  hornblende  gneiss,  the  peg¬ 
matite  containing  bunches  of  green  monoclinic  pyroxene  and  horn¬ 
blende  which  look  like  inclusions  up  to  5  inches  across.  It  seems 
evident  in  the  field  that  the  pyroxene  developed  from  the  hornblende 
gneiss  during  the  process  of  pegmatization  for  all  stages  from  bunches 
and  lenses  of  pure  hornblende,  to  mixtures  of  hornblende  and  pyrox¬ 
ene  not  sharply  separated,  to  pure  pyroxene  occur  in  the  pegmatite. 
In  thin  section  every  stage  in  the  transformation  of  the  hornblende 
to  pyroxene  has  been  observed.  This  pegmatite  carries  some  mag¬ 
netite,  and,  in  one  portion,  scattering  single  crystals  of  hornblende 
up  to  1  inch  long,  and,  in  another  portion,  crystals  of  pyroxene  up  to 
one-half  an  inch  long. 

Before  leaving  the  consideration  of  the  later  pegmatites,  a  few 
more  of  the  many  observed  examples  will  be  mentioned.  An 
irregular  pegmatite  dike  of  relatively  late  origin  cuts  the  Hawkeye 
granite  one-fifth  of  a  mile  southwest  of  the  western  summit  of  Sil¬ 
ver  Lake  mountains.  This  dike  is  50  feet  wide  with  crystals  up  to 
3  inches  across.  Its  contacts  against  the  granite  are  not  very  sharp. 

Among  the  many  silexite  and  pegmatite  masses  one-fifth  of  a  mile 
south  of  the  southern  summit  of  Alder  Brook  mountains,  there  are 
some  pegmatite  dikes  up  to  10  or  12  feet  wide  which  cut  the  Lyon 
Mountain  granite  in  all  directions.  They  vary  in  width  greatly 
within  very  short  distances,  and  they  are  usually  not  very  sharply 
separated  from  the  granite. 
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Several  interesting  pegmatite  dikes  cutting  metagabbro  1  mile 
east-northeast  of  Goldsmith  have  already  been  described  under  the 
caption  “gabbro,  metagabbro  and  amphibolite.”  Figure  1  shows  the 
relations.  One-sixth  of  a  mile  farther  east  several  moderately  coarse 
pegmatite  dikes  up  to  6  or  8  feet  wide  and  traceable  about  40  or  50 
feet  cut  the  Lyon  Mountain  granite.  These  all  carry  about  10  per 
cent  of  biotite,  and  one  carries  much  magnetite. 

In  the  southwestern  part  of  the  quadrangle  all  of  the  small  hills 
from  Howard  mountain  southward  show  small  pegmatite  dikes 
rather  irregularly  cutting  the  Hawkeye  granite. 

A  granite  ledge  just  south  of  the  road  three- fourths  of  a  mile 
south-southeast  of  Goldsmith  exhibits  many  older  and  younger  peg¬ 
matite  and  silexite  masses,  the  younger  pegmatites  cutting  across 
the  foliation  at  various  angles. 

On  top  of  the  hill  1  mile  west  of  Riverview  the  granite  contains 
many  long  narrow  strips  and  short  lenses  of  older  pegmatite  and 
silexite  arranged  parallel  to  the  foliation,  and  also  some  coarser- 
grained  pink  pegmatite,  usually  with  considerable  magnetite,  which 
cut  across  the  foliation  at  various  angles  without  very  sharp  con¬ 
tacts.  One  small  pegmatite  dike  here  cuts  two  narrow  strips  of 
metagabbro  as  shown  in  figure  3. 

Ledges  of  granite  halfway  between  the  road  and  the  river 
miles  south-southeast  of  Moffitsville  are  cut  irregularly  by  many 
small  dikes  of  later  coarse,  pink,  biotitic,  magnetite-rich  pegmatite. 

Two  coarse-grained  pegmatite  dikes,  each  about  2  feet  wide,  con¬ 
spicuously  cut  the  big  ledge  of  gabbro  three-fourths  of  a  mile  south¬ 
east  of  Clark  hill. 

The  lens  of  injected  metagabbro  on  the  hillside  just  southeast  of 
the  mines  at  Lyon  Mountain  village  is  cut  roughly  parallel  to  its 
foliation  by  a  large  very  coarse  grained  pegmatite  dike  with  crystals 
up  to  6  or  7  inches  long.  This  dike  consists  mostly  of  feldspar  with 
some  quartz,  scattering  crystals  of  pyroxene  up  to  2  inches  long, 
and  some  bunches  of  magnetite  up  to  one-half  of  an  inch  across. 
Tongues  of  this  dike  irregularly  cut  the  injected  gabbro. 

Aplite  dikes.  Aplite  dikes  are  locally  developed  often  in  con¬ 
siderable  numbers  in  the  coarse  or  Hawkeye  type  of  granite.  It  is 
a  striking  fact  that  nowhere  in  the  quadrangle  were  aplite  dikes 
observed  in  the  typical  Lyon  Mountain  granite  which  contains  such 
a  profusion  of  pegmatites  and  silexites.  Possibly  this  is  because 
the  Lyon  Mountain  granite  is  itself  locally  rather  aplitic  in  char¬ 
acter.  Since  the  Llawkeye  granite  contains  relatively  few  pegmatite 
and  silexite  masses,  such  could  seldom  be  observed  in  their  relations 
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to  the  aplites  in  single  outcrops.  Few  if  any  aplites  occur  in  the 
granitic  syenite  or  quartz  syenite.  It  should  here  be  recalled  that 
the  field  evidence  strongly  points  to  development  of  the  Lyon  Moun¬ 
tain  granite,  Hawkeye  granite,  granitic  syenite  and  quartz  syenite 
from  a  single  intrusive  magma  in  the  Lyon  Mountain  quadrangle. 

Nearly  all  the  aplites  of  the  quadrangle  are  in  the  form  of  more 
or  less  well  defined  dikes  which  are  very  uniform  in  composition 
consisting  of  white  or  light  gray  potash  feldspar,  microperthite  and 
quartz  with  almost  no  accessory  minerals.  In  a  few  cases  dark 
minerals  occur  in  moderate  amounts. 

Most  of  the  aplite  dikes  by  far  lie  more  or  less  perfectly  parallel 
to  the  foliation  of  the  coarse  granite,  but  a  considerable  number  cut 
across  the  foliation  at  various  angles.  Not  uncommonly  the  cross- 
cutting  dikes  are  branches  of  those  which  are  parallel  to  the  folia¬ 
tion.  Contacts  of  the  aplites  against  the  granite  are  rarely  sharp, 
though  the  transition  generally  takes  place  within  an  inch  or  two. 
Some  of  the  aplite  dikes,  more  especially  the  wider  ones,  exhibit 
good  magmatic  flow-structure  foliation.  No  case  of  an  aplite  dike 
grading  into  pegmatite  was  observed,  though  one  example  of  grada¬ 
tion  to  silexite  was  noted.  The  aplite  dikes  usually  vary  from  i  or 
2  to  several  feet  wide  and  io  to  25  feet  long,  but  some  are  consid¬ 
erably  larger. 

The  field  evidence  strongly  indicates  that  all  or  nearly  all  the 
aplites  developed  during  a  very  late  stage  of  the  consolidation  of 
the  Hawkeye  granite  magma  as  shown  by  the  common  parallelism 
to  the  foliation  and  the  lack  of  very  sharp  contacts.  There  is  no 
evidence,  such  as  that  above  presented,  that  any  of  the  aplites  formed 
as  early  as  the  earliest  of  the  pegmatite  and  silexite  masses,  and 
there  is  positive  evidence  that  some,  and  strong  probability  that 
many,  of  the  latest  pegmatites  were  intruded  after  the  aplites.  Con¬ 
sidering  the  time,  then,  during  which  the  pegmatite  and  silexite 
masses  developed,  the  aplites  are  intermediate  and  the  length  of  time 
for  their  development  was  distinctly  shorter.  Descriptions  of  a  few 
selected  examples  will  serve  to  show  not  only  the  nature  of  the  evi¬ 
dence  upon  which  the  above  conclusions  are  based,  but  also  to  bring 
out  certain  other  features  of  interest. 

A  fine  display  of  aplite  dikes  may  be  seen  on  the  ridge  J4  of  a 
mile  southeast  of  Hawkeye  post  office.  Contacts  against  the  typical 
coarse  granite  are  not  sharp,  but  the  transition  takes  place  within  an 
inch.  The  dikes  show  all  widths  up  to  3  feet.  Most  of  them  roughly 
follow  the  foliation  of  the  granite,  but  some  cut  across  at  low  angles 
and  a  few  cut  across  at  high  angles.  One  dike  lies  at  right  angles 
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to  the  foliation  for  about  15  feet  and  then  gradually  swings  into 
parallelism  with  it.  A  thin  section  of  this  typical  aplite  shows  the 
following  mineral  percentages :  microperthite,  48 ;  oligoclase,  5 ; 
quartz,  40 ;  biotite,  434 ;  magnetite,  1 3/2 ;  limonite  stains,  J4 ;  zircon, 
34;  and  apatite,  J4.  A  few  rods  east  of  this  locality  some  lenses  of 
aplite  a  few  feet  long  occur  with  somewhat  sharper  contacts  against 
the  granite.  This  suggests  an  earlier  development  of  aplite  masses, 
either  as  segregation  masses  or  dikes,  which  were  pulled  apart  and 
somewhat  strung  out  in  the  form  of  inclusions  in  the  still  moderately 
fluid  magma.  On  the  ridge  Y>  of  a  mile  northeast  of  the  first  named 
locality  an  aplite  dike  12  to  18  inches  wide  and  exposed  for  40  feet 
cuts  diagonally  across  the  foliation  of  the  coarse  granite  without 
sharp  contacts.  Almost  exactly  in  its  middle  there  are  two  masses 
of  silexite  15  feet  long  and  a  few  inches  wide  with  no  very  sharp 
contacts  against  the  aplite.  This  silexite  resulted  from  differentia¬ 
tion  practically  in  the  place  where  it  now  occurs. 

At  the  top  of  the  Silver  Lake  mountains  ridge  miles  east  of 
Hawkeye  a  small  dike  of  pegmatite  and  a  small  dike  of  aplite  lie 
close  together  in  the  coarse  granite  parallel  to  its  foliation  and  with¬ 
out  sharp  contacts. 

On  the  eastern  summit  of  Howard  mountain  an  aplite  dike  about 
1  foot  wide  lies  parallel  to  the  foliation  of,  and  grades  into,  the 
coarse  granite  on  one  side,  but  it  has  a  fairly  sharp  contact  on  the 
other,  this  latter  contact  evidently  having  resulted  from  some  mag¬ 
matic  flowage  along  the  border  of  the  aplite  after  its  development. 
Other  small  aplite  dikes  were  observed  on  Howard  mountain,  some 
parallel  to  the  foliation  of  the  granite  and  others  cutting  across  it. 

On  the  hill  miles  southwest  of  Sugarbush  a  distinctly  foliated 
aplite  dike,  with  a  maximum  width  of  15  feet  and  traceable  for  100 
feet,  pinches  out  at  one  end,  and  it  everywhere  grades  into  the 
coarse  granite  within  an  inch. 

The  whole  mountain  ridge  of  Hawkeye  granite  from  1%  to  23/2 
miles  north  of  High  bank  shows  a  considerable  number  of  aplite  dikes 
seldom  over  6  inches  wide  mostly  parallel  to  the  granite  foliation 
and  without  very  sharp  contacts. 

At  the  top  of  Averill  peak  a  number  of  aplite  dikes  up  to  1  foot 
wide  lie  in  the  coarse  granite  parallel  to  its  foliation  without  sharp 
contacts.  Some  ordinary  pegmatites  of  the  late  series  cut  right 
across  these  aplites.  Several  aplite  masses  10  to  20  feet  long  here 
occur  as  lenses  without  very  sharp  contacts  against  the  granite. 

On  a  spur  of  Lyon  Mountain  1  mile  east-southeast  of  its  summit 
a  number  of  aplite  dikes  from  1  to  2  feet  wide  lie  roughly  parallel 
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to  the  foliation  of  the  coarse  granite,  but  some  cut  across  at  various 
angles.  These  dikes  carry  considerable  dark  minerals;  they  are 
without  sharp  contacts  against  the  granite ;  and  they  are  usually 
foliated  parallel  to  their  borders.  A  thin  section  contains :  microcline, 
2 5  ;  microperthite,  25  ;  oligoclase,  2  ;  hypersthene,  9 ;  diallage,  20 ; 
quartz,  12;  hornblende,  2;  magnetite,  5;  limonite  (secondary),  2; 
biotite,  ;  apatite,  ;  and  a  little  zircon.  Several  of  these  dikes 
contain  distinct  inclusions  of  the  coarse  granite  in  the  form  of  lenses 
1  or  2  feet  long  without  sharp  contacts  against  the  aplite  and  parallel 
to  its  foliation.  The  granite  must  have  been  almost  or  quite  solidi¬ 
fied  before  the  aplite  magma  entered. 

One-half  of  a  mile  north  of  the  last  named  locality  one  small 
aplite  dike  cuts  another  without  sharp  contacts  against  either  aplite 
or  coarse  granite.  Thus  there  were  two  distinct  intrusions  not  far 
apart  in  time.  A  thin  section  of  this  aplite  contains :  microcline, 
57 ;  oligoclase,  3 ;  quartz,  38 ;  biotite,  1 ;  magnetite,  ;  limonite,  ; 
apatite,  ;  and  a  little  zircon. 

On  the  ridge  1  mile  southwest  of  Chazy  Lake  station  an  aplite 
dike  with  a  maximum  width  of  30  feet  cuts  the  coarse  granite 
parallel  to  its  foliation  without  very  sharp  contacts.  This  aplite 
is  somewhat  coarser  grained  than  usual,  and  it  is  distinctly  foliated 
parallel  to  its  borders. 

Conclusions  regarding  pegmatite,  silexite,  and  aplite.  Some 
of  the  main  conclusions  from  the  above  observations  are  as  follows : 

1  The  Lyon  Mountain  granite  and  the  Hawkeye  granite  are  be¬ 
lieved  to  have  developed  from  a  single  body  of  intruding  magma. 

2  The  Lyon  Mountain  granite  contains  a  great  profusion  of 
silexite  and  pegmatite  masses,  while  the  Hawkeye  granite  contains 
relatively  few. 

3  The  Hawkeye  granite  contains  many  aplite  dikes,  but  none  at  all 
were  observed  in  the  typical  Lyon  Mountain  granite. 

4  By  far  most  of  the  pegmatites,  both  the  earlier  and  the  later 
types,  consist  almost  wholly  of  quartz  and  alkalic  feldspar.  With 
a  few  local  exceptions  minerals  which  indicate  the  former  presence 
of  mineralizers  other  than  water  vapor  are  practically  absent. 

5  Silexite  masses  began  to  develop,  probably  as  segregation  prod¬ 
ucts,  while  the  granite  magma  still  possessed  a  very  considerable 
degree  of  fluidity,  and  they  continued  to  form,  probably  both  as 
segregation  products  and  as  dikes,  until  the  inclosing  granite  almost, 
or  possibly  completely,  solidified. 
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6  Pegmatite  masses  also  began  to  develop  well  before  the  solidifi¬ 
cation  of  the  magma,  though  probably  not  as  early  as  the  earliest 
silexite  masses,  and  they  continued  to  form  until  almost,  or  possibly 
complete,  consolidation  of  the  inclosing  granite. 

7  The  silexite  masses  represent  very  siliceous  facies  of  the  peg- 
matitic  development,  gradations  from  nearly  pure  silica  to  ordinary 
pegmatite  being  not  uncommon. 

8  Most  of  the  pegmatites,  silexites  and  aplites  by  far  occur  within 
the  parent  granites,  though  some  also  occur  in  the  relatively  small 
remnants  of  the  rocks  into  which  the  granites  were  intruded. 

9  The  aplites  were  developed  during  a  late  stage  of  the  magma 
consolidation,  none  as  early  as  the  earliest  pegmatites  and  silexites, 
and  probably  none  as  late  as  the  latest  pegmatites.  Some  aplites 
cut  others,  thus  proving  intrusions  distinctly  different  in  time. 

Authors  of  practically  all  the  standard  works  on  petrology  defi¬ 
nitely  regard  pegmatites  as  intrusions  into  the  already  solidified  por¬ 
tions  of  the  magmas  from  which  they  were  formed,  but  the  writer’s 
conclusions  (numbers  4  and  5  above)  regarding  the  pegmatites  and 
silexites  of  the  Lyon  Mountain  quadrangle  are  notably  different; 
that  is,  both  pegmatite  and  silexite  began  to  develop  while  the  parent 
magma  was  still  in  a  relatively  highly  fluid  state. 

It  is  also  commonly  assumed  that  pegmatites  and  silexites  always 
developed  in  the  form  of  dikes.  From  the  evidence  above  presented, 
however,  it  is  concluded  that  many  of  the  pegmatite  and  silexite 
masses,  especially  those  of  earlier  origin,  developed  as  magmatic 
segregation  products  because  they  formed  while  the  inclosing  granite 
was  still  magmatic  with  a  considerable  degree  of  fluidity,  and  it  is 
difficult  if  not  impossible  to  understand  how  pegmatite  and  silexite 
in  the  form  of  true  dikes  could  have  intruded  such  a  magma. 

For  the  comparatively  few  districts  in  which  silexites  have  been 
carefully  studied,  it  is  commonly  held  that  where  pegmatite  and 
silexite  have  both  developed  from  a  granite  magma,  the  silexite 
solidified  last.  In  the  Lyon  Mountain  district,  however,  the  writer 
finds  that  silexite  masses  began  to  develop  not  only  well  before  the 
consolidation  of  the  parent  magma,  but  also  apparently  even  before 
the  earliest  of  the  pegmatites. 

It  is  also  a  matter  of  common  record  in  the  literature  that  peg¬ 
matites  are  either  absent  from,  or  relatively  uncommon  in,  their 
parent  igneous  body,  while  they  are  relatively  abundant  in  the  coun¬ 
try  rocks.  In  the  Lyon  Mountain  district,  however,  pegmatite  and 
silexite  masses  are  extremely  abundant  in  the  parent  granite,  and 
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they  are  certainly  not  any  more  common  in  the  small  portions  of  the 
intruded  country  rocks  which  still  remain. 

Many  districts  show  ordinary  pegmatite  dikes  close  to  or  in  the 
granite,  and  traced  outward  into  the  country  rocks,  the  pegmatites 
become  more  and  more  siliceous,  being  practically  silexite  dikes  or 
quartz  veins  farthest  out.  In  the  Lyon  Mountain  quadrangle,  how¬ 
ever,  such  a  relationship  does  not  hold,  since  typical  pegmatites  and 
silexites  in  many  places  occur  side  by  side  in  the  parent  granite,  and 
in  some  cases  both  form  parts  of  individual  dikes  or  segregation 
masses. 

Mixed  Rocks 

General  statement.  The  only  recognizable  portions  of  the  Gren¬ 
ville  series  are  always  more  or  less  intimately  involved  with  the  vari¬ 
ous  types  of  the  intrusives  of  the  quadrangle.  The  combined  known 
areas  of  such  mixed  rocks  is  not  over  3  square  miles.  It  is  quite 
certain  that  these  small  masses  of  Grenville  represent  the  merest 
remnants  of  a  once  widespread  stratified  series  which  has  been 
highly  metamorphosed  and  badly  cut  to  pieces  and  more  or  less 
intimately  injected  by  gabbro,  anorthosite  and  the  syenite-granite 
series,  especially  the  latter.  In  many  cases  the  old  gabbro  and 
amphibolite  have  been  badly  cut  or  injected  or  even  assimilated  by 
the  granite  yielding  mixed  rocks  of  various  sorts. 

Grenville  and  gabbro  mixed  rocks.  At  several  localities  below 
described,  Grenville  strata  and  hornblende  (gabbro)  gneiss  are  more 
or  less  closely  associated  with  granite,  such  areas  being  mapped  as 
Grenville  and  granite  mixed  rocks,  but  in  those  cases  the  age  rela¬ 
tions  of  the  hornblende  (gabbro)  gneiss  and  Grenville  could  not  be 
determined. 

In  two  very  small  areas  mapped  as  Grenville  and  gabbro  mixed 
rocks  the  relations  of  the  two  rocks  are  well  exhibited.  One  of  these 
localities  is  three-fourths  of  a  mile  south-southwest  of  Russia  station 
where  several  good  exposures  show  Grenville  thin-bedded  quartzite 
clearly  cut  by  small  irregular  masses  of  hornblende  (gabbro)  gneiss, 
thus  demonstrating  not  only  the  intrusive  character  of  the  latter,  but 
also  its  younger  age  than  the  Grenville. 

On  the  hillside  three-fourths  of  a  mile  south  of  Hammond  school 
a  very  small  area  shows  a  number  of  inclusions  of  well-bedded  Gren¬ 
ville  quartzitic  rocks  as  inclusions  in  aplitic  granite,  and  one  good 
outcrop  with  Grenville  quartzite  clearly  cut  by  foliated  gabbro,  the 
two  last  named  rocks  being  cut  by  aplitic  granite,  and  the  whole 
combination  is  cut  by  dikes  of  moderately  coarse  aplitic  pegmatite. 
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This  exposure  is,  therefore,  very  significant  not  only  because  it  proves 
that  the  gabbro  is  intrusive  into  the  Grenville,  but  also  because  it 
shows  that,  the  gabbro  is  distinctly  older  than  the  granite. 

Grenville  and  Whiteface  anorthosite  mixed  rocks.  At  the 
middle  of  the  southern  border  of  the  quadrangle  and  extending  into 
the  Lake  Placid  quadrangle,  there  is  a  small  area  showing  several 
good  exposures  of  Whiteface  anorthosite  intimately  shot  through 
gray  Grenville  (somewhat  garnetiferous)  gneisses.  This  is  the  only 
place  where  the  relation  of  these  two  rocks  was  observed,  but  a  num¬ 
ber  of  such  localities  were  found  in  the  Lake  Placid  quadrangle. 

Grenville  and  granite  mixed  rocks.  True  brook  areas .  As  may 
be  seen  on  the  accompanying  geologic  map,  the  areas  of  Grenville  and 
granite  mixed  rocks  are  confined  to  four  rather  restricted  portions 
of  the  quadrangle.  Several  of  these  areas,  including  the  largest,  lie 
mostly  in  the  valley  of  True  brook  west  of  Moffitsville.  The  small 
area  iy2  miles  west  of  Moffitsville  contains  several  large  exposures 
just  north  of  the  road  where  the  relationships  of  the  rocks  are  well 
exhibited.  Grenville  strata,  usually  with  distinct  banding  due  to 
layers  of  varying  composition,  are  seen  to  be  more  or  less  shot 
through  and  injected  by  medium-grained  granite  and  pegmatite, 
silexite  and  aplite  dikes  producing  the  effect  of  a  mixed  gneiss.  Many 
of  the  layers  strongly  suggest  an  old  quartzite,  while  others  are  rich 
in  biotite  and  pink  garnet.  In  part  the  rocks  may  be  real  assimila¬ 
tion  gneisses.  In  one  outcrop  there  are  two  layers,  each  a  few  feet 
wide,  of  hornblende  gneiss  or  schist  which  may  belong  with  either 
the  Grenville  or  the  old  gabbro. 

In  the  small  area  (close  to  the  Priest  road)  one-half  of  a  mile 
southwest  of  the  area  just  described,  very  similar  Grenville-granite 
mixed  rocks  are  shown. 

The  largest  area,  through  which  True  brook  flows  south  of  Ham¬ 
mond  school,  covers  about  2  square  miles  and  it  contains  many  good 
outcrops  most  of  which  show  similar  features.  In  a  field  on  the 
hillside  three-fourths  of  a  mile  south  of  Hammond  school  fine  ex¬ 
posures  show  much  light  gray,  thin-bedded,  quartzitic  Grenville  and 
a  little  biotitic  and  garnetiferous  Grenville  intimately  injected,  and 
more  or  less  assimilated,  by  light  gray,  fine  to  medium-grained  ap- 
litic  granite.  A  thin  section  of  this  aplitic  granite  which  has  digested 
some  of  the  Grenville  contains :  oligoclase  to  andesine,  45 ;  quartz, 
44 ;  garnet,  7 ;  muscovite,  1 ;  magnetite,  1 ;  chlorite,  1 ;  biotite,  y2 ; 
zircon,  y2 ;  and  a  little  apatite.  In  some  cases  the  aplitic  granite 
carries  inclusions  of  the  Grenville  from  2  to  10  feet  long.  Many 
dikes  of  relatively  coarse  grained  pegmatitic  aplite  cut  the  mixed 
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rocks  very  irregularly.  Much  of  this  mixed  rock  carries  pink  gar¬ 
nets  and  weathers  to  nearly  white.  One  group  of  exposures  is  of 
special  importance  because  of  the  light  thrown  upon  the  ages  of 
several  of  the  rock  types.  Here  there  are  a  number  of  strips  and 
inclusions  of  the  hornblende  gneiss  facies  of  the  old  gabbro.  One 
outcrop  clearly  shows  Grenville  cut  by  the  gabbro ;  both  of  these 
cut  by  the  aplitic  granitic;  and  all  three  cut  by  pegmatitic  aplite. 
This  is  the  only  observation  made  by  the  writer  to  prove  the  intru¬ 
sive  character  of  the  gabbro  into  the  Grenville. 

Excellent  exposures  also  occur  along  the  brook  i*4  miles  south¬ 
east  of  Hammond  school.  These  ledges  also  represent  light  Gren¬ 
ville  which  has  been  injected  and  more  or  less  assimilated  by  aplitic 
magma  yielding  a  fine  to  medium-grained,  gneissoid,  very  light 
colored,  somewhat  variable  rock,  usually  with  many  tiny  pink  gar¬ 
nets.  A  thin  section  shows :  microcline,  44 ;  oligoclase,  1 ;  quartz, 
40;  garnet,  10;  chlorite,  1;  muscovite,  1;  magnetite,  1;  and  silli- 
manite,  2.  Some  zones  seem  to  be  nearly  pure  aplite.  Exposures  of 
very  similar  rocks  occur  along  the  brook  1  mile  east  of  Hammond 
school. 

On  the  hill  one-half  of  a  mile  north-northwest  of  Mud  pond,  there 
are  big  ledges  of  pure  or  nearly  pure  aplitic  granite  containing  a  few 
small  lenses  of  amphibolite.  A  thin  section  of  the  aplitic  granite 
shows:  microcline,  20;  microperthite,  20;  oligoclase,  15;  quartz,  42; 
chlorite,  1 ;  limonite  stains,  ;  magnetite,  ;  zircon,  *4  ;  and  titan- 
ite, 

On  the  hill  1  mile  north  of  Mud  pond  much  aplite  cuts  thin- 
bedded,  light  gray  Grenville,  but  very  locally  the  Grenville  is  prac¬ 
tically  free  from  aplite.  Considerable  graphite  was  noted  in  one 
outcrop.  A  thin  section  of  the  graphitic  rock  shows :  microperthite, 
19;  oligoclase,  30;  quartz,  18;  garnet,  20;  graphite,  4;  pyrite,  3; 
magnetite,  3 ;  sillimanite,  2 ;  muscovite,  1  ;  and  a  little  zircon.  This 
is  quite  clearly  a  magmatic  assimilation  product.  Some  pegmatite 
and  silexite  dikes  cut  these  mixed  rocks. 

A  big  ledge  just  north  of  Mud  pond  consists  mainly  of  Grenville 
quartzite  more  or  less  intimately  shot  through  and  injected  by  aplitic 
granite,  but  locally  the  thin  bedding  of  the  quartzite  is  well  pre¬ 
served.  The  whole  mass  of  rock  exhibits  local  folds  due  to  magmatic 
movements. 

The  aplitic  granite  of  the  large  True  brook  area  of  mixed  rocks 
just  described  is  believed  to  be  only  a  facies  of  the  Hawkeye  granite, 
or  in  other  words  it  is  probably  to  be  classed  with  the  Lyon  Moun¬ 
tain  granite.  In  a  number  of  places  the  aplite  is  coarser  grained 
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than  usual,  as  for  example  near  the  border  of  the  area  i1/^  miles 
south-southeast  of  Hammond  school  where  the  Grenville  is  less 
conspicuous  and  the  granite  which  is  medium  to  moderately  coarse, 
grades  into  a  moderately  coarse  phase  of  the  Hawkeye  granite.  The 
field  relations  strongly  support  the  conclusions  that  where  the  granite 
magma  intimately  penetrated  the  Grenville  it  cooled  to  a  much  finer 
grained  rock,  and  that  the  resulting  rock  (aplitic  granite)  is  so  light 
in  color  by  way  of  contrast  with  the  usual  Lyon  Mountain  granite 
because  the  magma  found  little  or  no  iron  to  absorb  from  the  Gren¬ 
ville  strata,  there  chiefly  quartzite. 

In  the  very  small  area  1^4.  miles  due  north  of  Redford  (one-third 
of  a  mile  west  of  the  road)  a  medium-grained  granite,  which  is  very 
clearly  only  a  facies  of  moderately  coarse  Hawkeye  granite,  contains 
much  thin-bedded  quartzitic  and  biotitic  Grenville  in  the  form  of 
strips  and  irregular  fragments  usually  from  several  feet  to  25  or 
30  feet  in  length  as  inclusions  with  rather  sharp  boundaries.  There 
are  also  a  few  small  inclusions  of  the  hornblende  (gabbro)  gneiss. 
The  magmatic  currents  were  commonly  deflected  around  the  in¬ 
clusions  as  shown  by  the  magmatic  flow-structure  foliation.  This 
combination  of  rocks  is  cut  by  many  pegmatite  and  silexite  dikes. 

Near  the  headwaters  of  True  brook  on  top  of  the  hill  one-third  of 
a  mile  southwest  of  Barnes  pond,  there  is  an  interesting  small  area 
of  Grenville  and  granite  mixed  rocks.  The  whole  hill  is  coarse 
Hawkeye  granite  except  for  a  belt,  parallel  to  the  strike,  which 
consists  of  a  fine  to  medium-grained,  very  gneissoid  granite  contain¬ 
ing  many  small  sharply  defined  inclusions  of  Grenville  and  silexite. 
The  magmatic  flow-structure  foliation  commonly  curves  around  the 
inclusions  (see  figure  8).  Most  of  the  Grenville  is  thin-bedded 
quartzite,  and  some  is  biotite  schist  or  gneiss.  This  belt  of  mixed 
rocks  is  fully  30  feet  wide  and  is  traceable  for  more  than  100  feet. 

In  the  two  areas  last  described,  it  is  true  that,  where  the  Hawkeye 
granite  magma  became  locally  involved  with  many  fragments  of 
older  rocks,  a  distinctly  finer  grained  granite  resulted,  but  not  as 
fine  grained  as  the  granite  of  the  large  mixed  rock  area  just  north 
because  the  magma  became  involved  with  older  rock  fragments  on 
a  much  more  restricted  scale  and  accompanied  by  little  or  no  as¬ 
similation. 

Areas  between  Goldsmith  and  Riverview.  Four  small  areas  of 
Grenville  and  granite  mixed  rocks  between  two-thirds  and  1  mile 
east  and  northeast  of  Goldsmith  are  represented  on  the  geologic 
map.  In  the  small  area  north  of  the  river  near  Two  brooks,  Gren¬ 
ville  quartzite  and  biotite-garnet  gneiss  (both  well  bedded)  are  mostly 
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highly  injected  with  medium  to  rather  fine  grained  granite  and  silex- 
ite.  (See  plate  4.)  Because  of  late  magmatic  movements,  the  rocks 
are  in  some  places  contorted  with  the  silexite  masses  badly  broken 
up  and  kneaded  into  the  mass.  True  pegmatite  dikes  cut  across  the 
mixed  rocks  at  various  angles. 

The  three  areas  between  the  river  and  the  road  (south  of  Two 
brooks)  show  complicated  masses  of  rocks.  Evidently  Grenville 
strata,  chiefly  quartzites  and  biotite-garnet  gneisses,  closely  involved 
with  old  gabbro  or  hornblende  gneiss  have  been  badly  cut  to  pieces 
and  more  or  less  injected  or  assimilated  by  medium  to  fine-grained 
granite,  and  by  pegmatite  and  silexite.  Locally  the  Grenville  bedding 
is  well  preserved,  and  in  some  cases  the  mixed  rocks  are  contorted. 
Some  zones  of  these  mixed  rocks  quite  clearly  represent  gneissoid 
facies  of  the  old  gabbro.  Such  mixed  rocks  are  cut  at  all  angles  by 
fairly  large  coarse  grained  pegmatite  dikes  of  late  development. 

One  mile  southwest  of  Riverview  several  ledges  show  granite 
involved  with  much  Grenville  biotite-garnet  gneiss  in  the  form  of 
strips  and  lenses  arranged  parallel  to  the  foliation  of  the  granite. 
Pegmatite  and  silexite  masses  are  also  common. 

Just  north  of  the  river  i  mile  west  of  Riverview  a  small  ledge 
consists  of  granite  involved  with  some  light  gray  Grenville  gneiss. 

Areas  west  of  Standish.  The  larger  area,  2  miles  west  of  Standish, 
contains  a  very  complicated  lot  of  rocks.  The  exposures  are  good, 
but  the  relationships  are  by  no  means  wholly  clear.  Apparently  the 
main  body  of  rock  is  Grenville  (chiefly  biotite-garnet  and  quartzitic 
gneisses)  which  has  been  cut  to  pieces  and  considerably  injected 
and  assimilated  by  granite.  There  are  some  more  or  less  definite 
bands  or  lenses,  up  to  20  or  30  feet  wide,  of  hornblende  gneiss,  prob¬ 
ably  the  old  gabbro.  Very  locally  the  rocks  are  highly  contorted, 
no  doubt  the  result  of  magmatic  movements.  The  whole  combina¬ 
tion  of  rocks  is  cut  by  numerous  pegmatite  and  silexite  dikes. 

A  fine  exposure  in  a  cut  along  the  old  branch  railroad  miles 
west  of  Standish  shows  the  rock  to  be  biotite-garnet  gneiss  intimately 
shot  through,  and  possibly  more  or  less  assimilated,  by  granite.  The 
mixed  rock  contains  many  specks  of  pyrite.  Some  pegmatite  and 
silexite  dikes  cut  the  whole. 

Area  south  of  Chazy  lake.  In  an  area  covering  about  one-fourth 
of  a  square  mile  from  to  2  miles  south  of  Chazy  Lake  station 
light  gray  Grenville  gneiss,  and  in  some  cases  garnetiferous  and  horn- 
blendic  gneisses,  are  badly  cut  and  more  or  less  injected  by  medium 
to  fine-grained  granite  resulting  in  a  crude  banded  gneiss.  The 
granite  predominates. 
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Gabbro  or  Amphibolite  and  Granite  Mixed  Rocks 

General  considerations.  Here  are  included  all  bodies  of  gabbro 
or  hornblende  gneiss  (amphibolite)  which  are  more  or  less  closely 
involved  with  granite.  Mixtures  of  similar  rocks,  but  also  including 
magnetic  iron  ores,  are  briefly  discussed  under  the  next  caption  and 
more  fully  in  connection  with  the  magnetic  iron  ore  deposits  in  the 
chapter  on  magnetic  iron  ores.  As  already  pointed  out,  much  if  not 
all  of  the  gabbro  is  older  than  the  syenite-granite  series,  and  most  or 
possibly  all  of  the  amphibolites  represent  foliated  facies  of  the  gab¬ 
bro.  In  most  of  the  areas  here  considered,  gabbro  or  amphibolite 
or  both  were  badly  cut  to  pieces  by  granite  or  pegmatite,  and  in  many 
cases  the  gabbro  and  amphibolite  were  more  or  less  thoroughly  in¬ 
jected  or  even  assimilated  by  granite  or  pegmatite  magmas. 

Forty-five  areas  of  the  gabbro  or  hornblende  gneiss  and  granite 
mixed  rocks  are  represented  on  the  geologic  map.  These  are  all 
small,  the  largest  mass  covering  less  than  one- fourth  of  a  square 
mile.  Still  other  areas  no  doubt  exist,  mostly  concealed  under  the 
Pleistocene  deposits. 

Several  facts  of  importance  regarding  the  distribution  of  these 
mixed  rocks,  including  also  those  rich  in  iron  ores,  should  be  dis¬ 
cussed.  One  of  these  is  that  all  such  observed  rocks  occur  only 
within  the  areas  of  the  Lyon  Mountain  granite,  this  probably  being 
the  case  because  the  Lyon  Mountain  granite  magma,  rich  in  peg- 
matitic  liquids,  had  a  great  power  to  cut  into  the  old  gabbro  and 
amphibolite  country  rocks  and  engulf  and  inject  fragments  of  them. 
The  Hawkeye  granite  magma,  probably  because  it  was  more  homo¬ 
geneous  and  viscous,  tended  to  crowd  the  country  rocks  to  higher 
levels  rather  than  to  cut  into  or  penetrate  them,  or,  in  the  few  cases 
where  engulfment  in  the  Hawkeye  granite  magma  did  take  place,  the 
magma  had  little  or  no  power  to  inject  the  engulfed  fragments. 

Another  important  fact  regarding  the  distribution  of  these  mixed 
rocks  is  that  they  are  much  more  abundant  in  certain  portions  of  the 
Lyon  Mountain  granite  than  in  others.  Thus  they  are  common  in 
the  northwestern  part  of  the  quadrangle  in  the  general  vicinity  of 
Lyon  Mountain  village,  and  in  the  Saranac  valley  between  River- 
view  and  Moffitsville.  Only  a  few  scattering  areas  of  the  gabbro 
or  hornblende  gneiss  and  granite  mixed  rocks  occur  outside  of 
these  two  districts,  although  there  are  other  large  areas  of  Lyon 
Mountain  granite  most  of  which  contain  some  small  bodies  of  the 
old  rocks.  Evidently  the  Lyon  Mountain  granite  magma  did  not 
everywhere  possess  the  same  power  to  penetrate  or  inject  engulfed 
fragments  of  the  old  country  rocks. 


52 


NEW  YORK  STATE  MUSEUM 


A  third  fact  regarding  the  distribution  of  the  mixed  rocks  under 
discussion  is  that  there  is  a  strong  tendency  for  them  to  lie  at  rela¬ 
tively  lower  altitudes  than  many  of  the  masses  of  gabbro  or  horn¬ 
blende  gneiss.  Thus  on  Duncan- Alder  Brook  mountains,  Tolman- 
Ellis  mountains,  Johnson  mountain  and  on  the  northern  slope  of 
Lyon  mountain  many  masses  of  gabbro  and  amphibolite  occur  well 
up  on  the  mountains,  while  the  true  mixed  rocks  were  observed  only 
toward  the  bases  of  the  mountains  as  shown  on  the  geologic  map. 
Although  a  wider  region  should  be  studied  before  concluding  that 
such  a  distribution  of  the  mixed  rocks  is  really  the  rule,  neverthe¬ 
less  the  evidence  in  hand  at  least  warrants  the  suggestion  that  usually 
only  those  masses  of  gabbro  or  amphibolite  which  were  engulfed  and 
brought  to  relatively  lower  levels  in  the  Lyon  Mountain  granite 
magma  were  subjected  to  conditions  favorable  to  more  or  less 
intimate  penetration  and  injection.  On  this  assumption  a  difference 
in  depth  of  the  fragments  of  the  old  rocks  of  only  500  to  1000  feet 
below  the  surface  of  the  magma  appears  to  have  been  sufficient  in 
many  cases  to  have  made  the  difference  between  highly  penetrated 
or  injected  masses  of  the  old  rocks,  and  masses  of  the  old  rocks 
which  are  merely  inclusions. 

The  features  of  particular  interest  in  some  of  the  gabbro  and 
granite  mixed  rock  areas  of  the  quadrangle  will  now  be  described, 
and  these  will  suffice  to  illustrate  the  character  of  these  rocks  in 
general. 

Special  descriptions.  Union  Falls.  Mixed  rocks  are  finely  ex¬ 
posed  in  the  walls  of  the  small  gorge  at  Union  Falls  (see  plate  5). 
At  first  sight  the  distinctly  banded  rocks  greatly  resemble  portions 
of  the  stratified  Grenville  series,  but  a  closer  examination  soon  shows 
that  a  well-foliated,  medium-grained,  dark,  hornblende  gneiss  or 
amphibolite  (carrying  some  biotite)  has  been  more  or  less  intimately 
cut  and  injected  by  a  pink,  medium  to  fine-grained  granite  parallel 
to  the  foliation.  Some  of  the  bands  or  layers  are  almost  unaffected 
hornblende-plagioclase  gneiss ;  some  consist  of  similar  gneiss  only 
moderately  affected  by  the  injection  of  granite  (see  no.  2  of  table  1)  ; 
some  are  practically  pure  granite;  while  others  are  light  pinkish 
gray,  medium  to  fine-grained  rocks  which  are  products  of  magmatic 
assimilation  with  the  composition  of  quartz-pyroxene  syenite  rather 
rich  in  titanite  (see  no.  1  of  table  4).  The  pyroxene  of  the  last 
named  rock  is  monoclinic,  optically  positive,  with  an  extinction  angle 
of  39  degrees,  and  with  a  distinct  pleochroism  from  light  green  to 
greenish  yellow.  It  is,  therefore,  considered  to  be  diallage,  the  mate¬ 
rial  of  which  represents  recrystallized  hornblende  of  the  old  gneiss. 


Plate 


Table  4 

Thin  sections  of  granite  and  gabbro  or  hornblende  gneiss  injection  and  assimilation  rocks 
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of  main  workings  at  Lyon  Mountain  village;  no.  105,  Williams  ore-pit  northeast  of  Lyon  Mountain  village;  no.  107,  shore  of  lake  three- 
fourths  of  a  mile  east  of  Junction  kilns. 
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North  of  Disco .  Excellent  exposures  (see  plate  io)  in  the  small 
area  i*4  miles  north  of  Disco  show  considerable  hornblende  gneiss 
or  amphibolite  (presumably  metagabbro)  more  or  less  intimately 
shot  through  and  injected  with  medium-grained  pink  granite  and 
pegmatitic  granite  producing  a  mixed  rock  with  a  thin-banded  struc¬ 
ture,  though  there  are  many  narrow  strips  and  lenses  of  the  old  gneiss 
in  the  form  of  distinct  inclusions  in  the  granite  parallel  to  the  folia¬ 
tion.  Some  lenses  of  the  gneiss  are  sharply  cut  across  by  small 
dikes  of  the  granite.  The  mixed  rocks  are  locally  sharply  folded 
due  to  late  magmatic  movements.  The  whole  mass  of  mixed  rocks 
is  intricately  cut  by  a  network  of  pegmatite  and  silexite  dikes.  Much 
of  the  hornblende  of  the  original  gneiss  has  been  altered  to  mono¬ 
clinic  pyroxene  (diallage),  especially  where  the  pegmatization  was 
most  effective. 

Vicinities  of  Clayburg  and  Redford.  An  exposure  of  mixed  rocks 
by  the  road  i  mile  west-southwest  of  Clayburg  clearly  shows  horn¬ 
blende  gneiss  (presumably  metagabbro)  more  or  less  thoroughly 
injected  parallel  to  the  foliation  by  fine  to  medium-grained  pinkish 
gray  granite  and  moderately  coarse  pink  pegmatite,  giving  rise  to  a 
banded  rock  in  which  the  zones  or  layers  are  only  a  few  inches  wide. 
The  injection  was  by  no  means  uniform.  Some  layers  are  horn¬ 
blende  gneiss  little  affected  by  the  injection  (no.  26  of  table  1). 
Some  zones  are  quartz  diorite  rich  in  titanite,  the  result  of  assimila¬ 
tion  of  some  of  the  hornblende  gneiss  by  the  granite  (no.  65  of 
table  4).  Some  zones  are  very  distinct  injection  or  assimilation  rocks 
not  very  gneissoid  in  which  much  of  the  hornblende  of  the  old  gneiss 
has  been  transformed  into  a  light  green  monoclinic  pyroxene  (most 
or  all  of  it  diallage)  with  the  separation  of  considerable  magnetite 
and  with  the  transformation  of  the  oligoclase-andesine  to  oligoclase- 
albite  (no.  28  of  table  4).  The  magnetite  is  mostly  very  clearly  of 
late  origin  because  it  fills  spaces  between  minerals  and  cracks  in 
them.  A  hand  specimen  shows  a  medium-grained  injection  gneiss 
very  similar  to  that  last  described  without  sharp  contacts  against  a 
moderately  coarse  pegmatite,  the  transition  zone  (one-half  to  1  inch 
wide)  between  the  gneiss  and  the  pegmatite  being  rich  in  green  mono¬ 
clinic  pyroxene  (diallage)  which  is  pale  yellowish  green  in  thin  sec¬ 
tion  and  slightly  pleochroic  (no.  20  of  table  4).  The  pegmatite  con¬ 
sists  wholly  of  pink  potash  feldspar  except  for  some  scattering 
crystals  of  green  augite  (probably  diallage)  ranging  in  length  up  to 
three-fourths  of  an  inch.  Without  question,  most  or  all  of  the  green 
pyroxene  has  resulted  from  the  transformation  of  hornblende  due 
to  igneous  injection,  the  largest  crystals  having  developed  in  the 
cooling  pegmatite  magma. 


Plate  6 


IV.  J.  Miller,  photo  1918 
Part  of  ledge  one  and  one-quarter 
miles  north  of  Disco,  showing  horn¬ 
blende  gneiss  (probably  metagabbro) 
more  or  less  intimately  injected  with 
Lyon  Mountain  granite,  the  resulting 
mixed  rock  being  cut  by  pegmatite 
and  silexite.  Silexite  is  well  shown 
toward  the  middle  of  the  picture  and 
pegmatite  just  below  the  middle,  the 
latter  sending  dikes  across  a  large 
lens  of  the  dark  gneiss.  Owing  to 
pegmatization  much  of  the  horn¬ 
blende  of  the  dark  gneiss  has  been 
changed  to  diallage.  The  folding 
toward  the  top  was  caused  by  mag¬ 
matic  movement.  Width  of  exposure 
about  15  feet. 
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Big  ledges  by  the  river  one-sixth  of  a  mile  south  of  the  bridge 
at  Clayburg  exhibit  hornblende.'  gneiss  or  amphibolite  more  or  less 
intimately  shot  through  and  injected  by  pink  granite  and  pegmatite. 
Much  of  the  hornblende  gneiss  has  been  pulled  out  into  shreds  and 
lenses  by  the  magma  parallel  to  the  flow-structure  foliation,  but  there 
appears  to  have  been  little  or  no  transformation  of  hornblende  into 
monoclinic  pyroxene. 

In  the  relatively  large  area  on  the  hill  i  mile  southeast  of  Clayburg 
about  one-third  of  the  rock  Is  hornblende  gneiss  or  amphibolite  in 
the  form  of  narrow  and  wide  bands  and  lenses  parallel  to  the  folia¬ 
tion  of  the  granite.  Some  contacts  are  fairly  sharp,  and  others  are 
not.  Borders  of  some  of  the  wider  bands  are  Intricately  cut  by 
stringers  of  granite,  and  in  several  cases  granite  crosscuts  long  nar¬ 
row  lenses  of  the  hornblende  gneiss. 

Under  the  river  bridge  in  the  small  area  at  Bedford  a  big  ledge 
of  medium-grained  pink  granite  contains  a  number  of  lenses  and 
irregular  bands  of  hornblende  gneiss  or  amphibolite  (quite  cer¬ 
tainly  metagabbro )  up  to  30  or  40  feet  in  length  and  several  feet 
in  width  roughly  parallel  to  the  granite  foliation.  Some  of  the  old 
gneiss  is  rather  thoroughly  injected  and  possibly  somewhat  assimil¬ 
ated,  while  some  of  it  is  in  the  form  of  clearly  defined  Inclusions. 
One  band  of  dark  very  biotitic  gneiss  3  feet  thick  has  finer  grained 
pyroxenlc  borders  6  to  8  inches  wide.  Near  contacts  with  the  bands 
of  old  gneiss  the  granite  is  usually  finer  grained  and  less  quartzose 
than  its  general  mass  and  it  carries  diallage.  No.  68  of  table  4  gives 
the  mineral  content  of  this  rock. 

The  hornblende  gneiss  or  amphibolite  of  the  small  area  of  mixed 
rocks  i*/2  miles  east  of  Bedford  is  quite  certainly  metagabbro,  some 
of  It  being*  very  massive  and  scarcely  foliated.  In  many  places  it  is 
shot  through  and  injected  by  granite  and  pegmatite  parallel  to  the 
foliation.  Some  pegmatites  of  later  development  carrying  consider¬ 
able  magnetite  very  irregularly  cut  across  the  whole.  In  the  border 
portions  of  the  granite  which  surround  the  hornblende  gneiss,  narrow 
strips  and  shreds  of  the  latter  appear  in  the  granite  parallel  to  its 
foliation. 

South  of  Moffitsville.  A  number  of  fine  exposures  occur  by  the 
river  in  the  area  of  mixed  rocks  miles  south-southeast  of  Mof- 
fitsville.  In  one  big  ledge  the  granite  is  not  the  typical  medium¬ 
grained  Lyon  Mountain  granite  but  is  highly  foliated,  distinctly 
dioritic  and  poor  in  quartz  due  to  assimilation  of  some  old  gabbro. 
No.  71  of  table  4  represents  a  thin  section  of  this  rock.  This  granite 
is  notably  pegmatized  mostly  parallel  to  the  foliation,  though  some 
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pegmatites  cut  across  the  foliation,  these  latter  dikes  usually  contain¬ 
ing  much  hornblende,  little  quartz  and  locally  some  magnetite.  A  few 
rods  back  on  the  same  strike  the  granite  is  the  more  normal  pink 
type,  while  a  few  rods  eastward  across  the  strike  by  the  edge  of  the 
river  the  dioritic  phase  of  the  granite  grades  into  the  metagabbro 
which  latter  is  shot  through  by  some  pegmatites  parallel  to  the  folia¬ 
tion.  The  evidence  is  then  quite  clear  that  the  dioritic  rock  of  this 
big  ledge  is  an  assimilation  product  due  to  the  action  of  the  normal 
granite  magma  upon  the  metagabbro. 

A  few  rods  farther  east,  by  the  river,  a  twenty-foot  ledge  in  the 
same  area  shows  granite,  pegmatite,  hornblende  gneiss  and  diallage 
gneiss  intricately  involved.  Part  of  the  ledge  contains  sheets  and 
lenses  of  hornblende  gneiss  and  hornblende-diallage  gneiss  in  about 
equal  amounts  parallel  to  the  foliation  of  the  granite,  causing  the 
rocks  to  be  distinctly  banded.  This  banded  rock  grades  westward 
into  metagabbro.  Another  part  of  the  ledge  is  charged  with  moder¬ 
ately  coarse  pegmatite  which  carries  bunches  of  granular  green 
pyroxene  (diallage),  hornblende  and  mixtures  of  hornblende  and 
diallage  up  to  5  inches  across  in  the  form  of  either  inclusions  or 
segregation  masses.  A  thin  section  of  such  pegmatite  shows  the  fol¬ 
lowing  mineral  percentages:  microperthite,  18;  oligoclase,  15;  quartz, 
5  ;  diallage,  40 ;  hornblende,  20 ;  magnetite,  2 ;  and  a  little  zircon.  One 
large  hornblende  individual  has  mostly  altered  to  diallage  with  sep¬ 
aration  of  magnetite.  It  shows  no  hornblende  cleavage,  and  the 
lighter  colored  (greenish  gray)  portions  show  no  pleochroism,  while 
the  rest  of  the  individual  shows  a  rather  weak  hornblende  pleochro¬ 
ism.  The  magnetite  is  mostly  of  very  late  crystallization  since  it 
fills  cracks  in  diallage ;  fills  space  between  other  minerals ;  and  in  one 
case  sends  a  prominent  dikelike  tongue  into  surrounding  minerals. 
Some  of  the  pegmatite  also  carries  scattering  single  crystals  of  green 
monoclinic  pyroxene  up  to  one-half  of  an  inch  long  and  hornblende 
crystals  up  to  1  inch  long,  as  well  as  some  magnetite  and  pyrite. 

Taken  altogether,  then,  the  evidence  is  quite  conclusive  that  all 
the  green  monoclinic  pyroxene  (diallage)  of  the  rocks  of  this  mixed 
gneiss  area  resulted  from  the  transformation  of  hornblende  or  hyper- 
sthene  or  both  in  the  old  metagabbro  by  the  action  of  the  granite 
magma,  more  especially  its  pegmatitic  facies. 

Elbow  hill.  On  top  of  Elbow  hill  2  miles  east  of  Lyon  Mountain 
village,  a  considerable  area  of  mixed  rocks  exhibits  the  relations  of 
the  granite  and  gabbro  unusually  well.  Big  ledges  at  both  the  eastern 
and  the  western  ends  of  the  area  are  quite  certainly  true  gabbro 
showing  some  magmatic  flow-structure  foliation.  This  gabbro  has 
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already  been  described.  For  6  or  8  rods  between  the  ledges  of  un¬ 
altered  gabbro  there  are  hornblende  gneiss  facies  of  the  gabbro  more 
or  less  cut  to  pieces  and  incorporated  in  typical  Lyon  Mountain  gran¬ 
ite.  Many  contacts  are  shown  and  there  are  numerous  narrow  and 
broad  bands,  strips,  lenses  and  irregular  bunches  of  the  metagabbro 
in  the  form  of  inclusions  in  the  granite.  Many  pegmatite  and  silex- 
ite  dikes  cut  the  whole  mass  mostly  roughly  parallel  to  the  foliation, 
but  some  cut  across  at  various  angles.  One  silexite  dike  (io  by  30 
feet)  is  very  low  in  feldspar,  but  it  locally  contains  much  magnetite 
in  masses  up  to  several  inches  across.  The  quartz  and  magnetite 
appear  to  belong  to  about  the  same  generation  of  crystallization. 
Locally  the  granite  is  crudely  banded  because  of  partial  digestion  of 
metagabbro  by  the  granite  magma.  Within  the  area  considerable 
granite  is  free  from  metagabbro,  but  it  always  contains  many  tiny 
grains  of  magnetite.  It  seems  clear  that  the  concentration  of  the 
magnetite  was  directly  due  to  the  pegmatization  and  that  its  source 
was  the  gabbro. 

Near  Lyon  Mountain  village.  A  lens  of  gray  gneiss  fully  one-third 
of  a  mile  long  outcrops  on  the  side  of  a  hill  just  south  and  east  of 
the  main  workings  of  the  iron  mine  at  the  village.  The  rock  is 
quite  certainly  an  injection  or  assimilation  gneiss  different  in  appear¬ 
ance  from  any  other  rock  observed  by  the  writer.  It  is  fine  to 
medium-grained,  distinctly  foliated  and  carries  many  small  flattened 
phenocrysts  of  hornblende  and  diallage.  No.  87  of  table  4  gives  the 
mineral  content  of  the  rock.  This  mass  of  rock  lies  parallel  to  the 
foliation  of  the  inclosing  granite,  and  it  is  not  only  cut  by  granite 
and  pegmatite  from  the  granite  but  is  also  locally  injected  by  them. 

Birch  hill.  The  area  of  mixed  rocks  extending  one-half  of  a  mile 
across  the  top  of  Birch  hill  near  Lyon  Mountain  village  consists  of 
more  or  less  closely  involved  Lyon  Mountain  granite  and  metagab¬ 
bro.  Much  of  the  rock  is  an  injection  gneiss  and  some  of  it  seems 
to  be  a  true  assimilation  product.  Some  gabbro,  varying  from  a 
rather  massive  facies  to  a  well-foliated  hornblende  gneiss  facies, 
occurs,  and  also  some  practically  pure  granite.  Pegmatites  are  fairly 
common.  All  the  rock  types  mentioned  lie  essentially  parallel  to  the 
foliation,  so  that  the  upper  portion  of  the  hill  exhibits  a  banded  struc¬ 
ture  even  when  viewed  from  points  1  or  2  miles  to  the  south. 

The  little  area  of  mixed  rocks  one-half  of  a  mile  southwest  of  the 
summit  of  Birch  hill  contains  some  very  interesting  rocks  illustrating 
all  gradations  from  pure  Lyon  Mountain  granite  to  a  true  magmatic 
assimilation  product  which  resulted  from  the  digestion  of  meta¬ 
gabbro  by  granite.  Slide  no.  45  of  table  4  represents  the  true  assimi- 
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lation  rock.  This  area  also  contains  many  bands  and  lenses,  and 
some  irregular  masses,  of  metagabbro  mostly  without  sharp  boun¬ 
daries  against  the  granite.  Many  pegmatites  lie  parallel  to  the  folia¬ 
tion,  and  some  others,  which  are  coarser  and  usually  carry  magnetite, 
crosscut  the  foliation. 

Indian  point.  The  big  ledge  on  Indian  point  on  the  western  shore 
of  Upper  Chateaugay  lake  consists  of  Lyon  Mountain  granite  and 
metagabbro  mixed  rocks  with  the  granite  predominant.  Some  of 
the  metagabbro  is  in  the  form  of  rather  distinct  bands  and  strips, 
while  some  has  been  more  or  less  well  fused  or  assimilated  by  the 
granite.  Just  across  the  little  embayment  north  of  Indian  point 
there  are  good  ledges  of  what  were  taken  to  be  granite  and  gabbro 
assimilation  gneiss  much  like  that  already  described  as  occurring  on 
the  little  hill  southwest  of  Birch  hill. 

Gabbro,  granite,  pegmatite  and  magnetic  iron  ore  mixed  rocks. 
These  rocks  are  in  almost  every  way  similar  to  the  gabbro  and  granite 
mixed  rocks  above  described,  but  they  also  carry  magnetic  iron  ores 
which  have  been  more  or  less  mined.  These  ore-bearing  rocks  are 
probably  in  most  cases  more  extensive  than  shown  on  the  geologic 
map,  but  they  are  represented  only  where  they  are  rather  definitely 
known  by  actual  outcrops.  Because  of  their  special  economic  value 
these  ore  deposits  and  their  closely  associated  rocks  are  described 
somewhat  in  detail  in  the  chapter  on  magnetic  iron  ores. 

Gabbro-Diorite  Dikes 

Several  interesting  rather  basic  dikes,  clearly  older  than  the  dia¬ 
base,  were  observed  in  the  Lyon  Mountain  granite.  In  almost  every 
respect  these  seem  to  be  like  the  ones  described  by  the  writer  as 
occurring  on  Catamount  mountain  in  the  Lake  Placid  quadrangle. 
Three  of  the  dikes  occur  on  spurs  of  Lyon  mountain  southwest  of 
Chazy  Lake  station.  Two  of  these  are  well  shown  on  top  of  the 
ridge  i  mile  southwest  of  Chazy  Lake  station  (see  geologic  map). 
The  eastern  one  has  a  maximum  width  of  4  feet  and  is  traceable 
several  rods.  All  of  the  rock  is  fine  grained — exceedingly  so  at  the 
borders.  Parts  of  the  rock  show  some  signs  of  a  diabasic  texture. 
Contacts  against  the  Hawkeye  granite  are  very  sharp.  Near  its 
borders  the  dike  rock  is  moderately  foliated.  The  dike  lies  parallel 
to  the  crude  foliation  of  the  granite,  but  one  small  branch  or  tongue 
about  2  feet  long  has  been  sent  off  at  an  angle  of  60  degrees  into  the 
granite,  and  another  only  a  few  inches  wide  has  still  smaller  branches 
in  the  granite.  Most  of  the  rock  is  weathered  to  a  friable  brown  mass. 
A  thin  section  of  the  fairly  fresh  rock  shows  the  following  mineral 
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percentages :  oligoclase  to  labradorite,  45 ;  hornblende,  1 5 ;  hyper- 
sthene,  11 ;  green  augite,  6;  biotite,  10;  magnetite,  5;  garnet,  8;  and 
a  little  apatite.  The  western  of  the  two  dikes  also  sharply  cuts  the 
granite  across  the  foliation.  The  maximum  width  of  this  dike  is 
8  inches.  It  is  traceable  50  feet.  Several  small  branches  sharply 
cut  the  granite. 

On  the  mountain  spur  1  mile  south-southwest  of  Chazy  Lake 
station  another  dike  of  similar  rock  1  foot  wide  also  sharply  cuts  the 
coarse  granite. 

The  only  other  rock  of  the  kind  just  described  occurs  one-half 
of  a  mile  southeast  of  Hawkeye  (see  map).  One  wall  of  the  dike 
with  strike  across  the  foliation  of  the  coarse  granite  is  well. shown 
for  several  rods,  but  only  a  little  of  the  dike  rock  itself  is  visible. 

Rhyolitic  Dikes 

At  four  localities  (see  map)  within  the  quadrangle  groups  of 
small  fine  grained  acidic  dikes  were  observed  to  sharply  cut  both 
Lyon  Mountain  granite  and  Hawkeye  granite.  None  of  the  dikes 
is  more  than  8  inches  wide  and  nearly  all  of  them  occupy  joint  cracks. 
Nearly  all  show  very  fine  grained  borders,  while  their  interiors  vary 
from  fine  to  moderately  medium  grained.  Most  of  these  dikes  are 
considerably  weathered,  the  colors  ranging  from  light  brown  to  pink 
or  even  brick  red.  Fresh  rock  is  difficult  to  obtain,  but  it  seems  to 
be  light  gray.  Although  these  dikes  are  certainly  of  late  Precam- 
brian  age,  it  is  not  known  whether  they  are  older  or  younger  than 
the  diabase  dikes. 

Perhaps  the  best  exhibition  of  the  rhyolitic  dikes  is  on  the  spur 
of  Silver  Lake  mountain  one-half  of  a  mile  a  little  south  of  east  of 
Hawkeye.  A  ledge  of  Hawkeye  granite  fully  150  feet  long  shows 
five  or  six  north-south  parallel  joint  cracks  more  or  less  occupied  by 
dikes,  none  of  them  more  than  an  inch  wide.  Individual  dikes  are 
usually  traceable  50  to  7 5  feet,  and  in  some  cases  irregular  branches 
reach  across  from  one  dike  to  another.  Contacts  against  the  granite 
are  very  sharp.  A  thin  section  of  the  typical  rock  shows:  very  fine 
grained  to  glassy  groundmass,  40;  quartz,  25;  microperthite,  13; 
microcline,  2;  oligoclase,  10;  calcite  (secondary),  4;  chlorite,  2; 
pyrite,  2J/2 ;  limonite,  1 ;  zircon,  y2 ;  and  a  little  magnetite. 

On  the  southern  face  of  the  hill  ij4  miles  northeast  of  Hawkeye, 
the  Hawkeye  granite  contains  two  of  the  dikes,  each  30  to  40  feet 
long,  with  north-south  strike  and  with  a  maximum  width  of  1  inch. 
Contacts  against  the  granite  are  very  sharp.  One  of  these  sharply 
cuts  a  pegmatite  dike.  A  thin  section  contains :  very  fine  grained  to 
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glassy  groundmass,  75;  quartz,  13;  microcline,  5;  microperthite,  3; 
chlorite,  2^4;  magnetite,  y2\  pyrite,  ;  limonite,  >4. 

On  the  ridge  2  miles  northeast  of  Goldsmith  and  on  the  side  of  a 
small  hill  about  one-half  of  a  mile  south  of  Goldsmith,  there  are 
several  of  the  rhyolitic  dikes  similar  to  those  already  described.  They 
occupy  joints  and  they  show  sharp  contacts  against  the  granite.  None 
is  over  8  feet  long  or  more  than  one-half  of  an  inch  wide. 


Diabase  Dikes 

At  each  of  more  than  120  localities  within  the  quadrangle  one  or 
more  diabase  dikes  were  observed.  These  localities  are  indicated 
on  the  geologic  map.  Without  question  still  other  dikes  exist,  but 
they  are  either  effectually  concealed  or  they  escaped  detection  in 
the  rough  wooded  country.  Such  diabase  dikes  are  known  to  occur 
throughout  the  Adirondack  region,  but  they  are  most  abundant  in 
its  northeastern  portion.  On  the  Lake  Placid  geologic  map  the  writer 
has  indicated  sixty-one  diabase  dike  localities.  They  are  the  young¬ 
est  of  the  Precambrian  rocks  with  the  possible  exception  of  the  rhyo¬ 
litic  dikes  above  described.  They  sharply  cut  all  the  other  types  of 
Adirondack  rocks  as  narrow  bands  of  slight  areal  extent.  They  are 
wholly  nonmetamorphosed. 


Figure  9.  Branching  dikes  of  diabase  cutting  a  dike  of  the  later  type  of 
pegmatite  in  Lyon  Mountain  granite,  one-fourth  of  a  mile  south  of  the 
summit  of  Duncan  mountain.  Length,  40  feet. 

The  fresh  rock  is  dark  bluish  gray  and  generally  fine  grained, 
although  a  few  of  the  larger  dikes  are  medium  grained  toward  their 
interiors.  Many  of  the  dikes  are  distinctly  finer  grained  toward 
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their  margins.  Some  of  the  dikes  contain  phenocrysts  of  plagioclase 
feldspar  up  to  one-half  of  an  inch  in  length.  A  good  diabasic  tex¬ 
ture  is  generally  more  or  less  clearly  discernible  with  the  naked  eye 
especially  in  the  relatively  coarser  rocks,  and  with  the  microscope  in 
the  finer  grained  rocks,  though  some  of  the  dikes  apparently  fail 
altogether  to  exhibit  this  texture. 

In  width  most  of  the  dikes  range  from  less  than  an  inch  to  5  or 
10  feet,  and  in  length  up  to  at  least  100  feet.  Most  of  the  dikes  by 
far  show  a  range  in  strike  from  east-west  to  north  60  degrees  east ; 
a  considerable  number  range  from  east- west  to  north  60  degrees 
west;  and  a  few  strike  in  other  directions. 

Many  of  the  intrusions  quite  certainly  took  place  along  joints  in 
the  older  rocks.  In  several  cases  typical  diabase  dikes  were  observed 
to  be  cut  by  much  smaller,  darker,  very  fine  grained  diabase  or 
basaltic  dikes,  which  probably  represent  slight  later  intrusions  from 
the  same  magma.  In  a  number  of  cases  the  dikes  send  off  small 
branches. 

Table  5  gives  the  mineral  contents  of  thin  sections  of  diabase 
from  various  portions  of  the  quadrangle.  Labradorite  feldspar  is 


Table  5 

Thin  sections  of  diabase 
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1 

little 

little 


25 


14 


No.  50,  one-fifth  of  a  mile  south  of  summit  of  Duncan  mountain;  no.  55,  one- 
half  of  a  mile  southwest  of  summit  of  Tolman  mountain;  no.  60,  top  of  hill 
one-half  of  a  mile  west  of  Riverview;  no.  63,  2  miles  northeast  of  Goldsmith ;  no . 
66,  by  river  one-fourth  of  a  mile  south  of  Clayburg;  no.  72,  by  river  1  mile 
south  of  Moffitsville;  no.  83,  two-thirds  of  a  mile  due  north  of  Russia  station; 
no.  84,  two-thirds  of  a  mile  north-northwest  of  Russia  station;  no.  92,  top  of 
hill  one-fourth  of  a  mile  north  of  Standish  iron  mine;  no.  93,  on  ridge  1  mile 
southwest  of  Chazy  Lake  station;  no.  95,  middle  of  main  workings  at  Lyon 
Mountain  village;  no.  97,  hillside  1  mile  west  of  Junction  Kilns;  no.  104,  on  ridge 
three-fourths  of  a  mile  southwest  of  northeast  corner  of  the  quadrangle;  no. 
106,  by  lake  shore  one-fourth  of  a  mile  north  of  Indian  point. 
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the  most  abundant  constituent.  Considerable  magnetite  always  occurs, 
and  augite  and  biotite  seldom  fail.  Secondary  calcite  occurs  in  most 
of  the  slides.  Pyrite  is  generally  present.  Two  of  the  slides  (nos. 
50  and  72)  exhibit  very  fine  displays  of  crystallites  and  microclites 
of  probably  augite  and  magnetite. 

Special  remarks  concerning  only  a  few  of  the  dikes  will  be  made. 
On  top  of  the  hill  1  mile  due  west  of  Riverview  several  dikes  ranging 
in  width  up  to  6  feet  send  off  many  small  branches  into  the  granite. 
In  one  case  there  was  a  second  intrusion  of  fine-grained  (almost 
glassy)  darker  diabase  in  the  form  of  dikes  less  than  an  inch  wide 
without  very  sharp  contacts  against  the  earlier  diabase.  The  widest 
of  these  dikes  contains  some  distinct  phenocrysts  of  plagioclase  up 
to  one-third  of  an  inch  long.  More  diabase  cutting  diabase  occurs 
on  this  hill  one-third  of  a  mile  to  the  southwest. 

In  the  bed  of  the  brook  one-half  of  a  mile  northwest  of  Riverview 
two  very  small  diabase  dikes  clearly  occupy  joint  cracks  in  the  granite. 

On  the  hillside  two-thirds  of  a  mile  north  of  Russia  station  a  dia¬ 
base  dike  several  feet  wide  exhibits  an  excellent  diabasic  texture 
toward  its  interior,  and  a  finer  grained  nondiabasic  rock,  representing 
a  somewhat  later  injection  of  magma,  is  in  contact  with  it. 

One  of  the  typical  dikes  on  Elbow  hill  is  rather  sharply  cut  by 
small  very  fine  grained  nearly  black  dikes. 

Near  the  summit  of  the  hill  one-half  of  a  mile  southeast  of  Par¬ 
sons  knob  a  fine-grained  gray  dike  8  inches  wide  very  sharply  cuts 
the  Lyon  Mountain  granite  parallel  to  its  foliation.  Its  borders  are 
very  fine  grained.  The  dike  is  traceable  some  rods,  and  it  weathers 
to  a  pink  color.  The  mineral  content  of  a  thin  section  is  given  as 
no.  92  of  table  5. 

Former  Presence  of  Paleozoic  Strata 

Paleozoic  strata  are  not  known  to  outcrop  within  the  quadrangle, 
but  the  Potsdam  (Upper  Cambrian)  sandstone  comes  close  to  the 
map  limits  in  two  places.  One  of  these  is  east  of  Moffitsville  where 
a  large  area  of  the  sandstone  extends  westward  to  within  2  miles 
of  the  map  border.  The  other  place  is  east  of  the  northern  part  of 
Chazy  lake  where  a  tongue  of  the  Potsdam  at  an  altitude  of  more 
than  1500  feet  extends  westward  to  the  lake  within  a  mile  of  the 
northeastern  border  of  the  Lyon  Mountain  quadrangle. 

In  view  of  the  facts  that  the  Potsdam  sandstone  is  many  hun¬ 
dreds  of  feet  thick  and  that  a  large  amount  of  erosion  has  taken 
place  since  middle  or  late  Paleozoic  time,  it  is  evident  that  the 
sandstone  formerly  extended  at  least  some  miles  westward  or  south- 
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westward  in  the  broad  Saranac  valley  across  the  quadrangle.  Since 
there  is  no  good  reason  to  think  that  extensive  normal  faulting  has 
occurred  later  than  the  deposition  of  the  sandstone,  and  since  much 
of  the  sandstone  must  have  been  comparatively  recently  eroded 
from  the  Saranac  valley,  it  seems  that  most  of  that  valley  within 
the  quadrangle  was  largely  a  Prepotsdam  development.  The  Pots¬ 
dam  sea,  according  to  this  view,  must  have  encroached  upon  a  rather 
rugged  country  with  hills  rising  many  hundreds  of  feet  above  the 
lower  lands.  In  other  words,  as  pointed  out  by  Cushing  25  years 
ago,  the  great  Adirondack  Prepotsdam  peneplain  must  have  been 
much  less  perfectly  developed  in  this  northeastern  portion  of  the 
district  than  elsewhere. 

The  valley  which  contains  the  Potsdam  sandstone  east  of  Chazy 
lake  (between  Ellenburg  and  Dannemora  mountains)  may  repre¬ 
sent  a  sunken  fault  block,  but  positive  evidence  is  lacking.  If  it  is 
not  a  sunken  block  the  sandstone  must  have  been  deposited  in  a 
Prepotsdam  valley  hundreds  of  feet  deep,  and  it  no  doubt  spread 
over  parts  at  least  of  the  northern  portion  of  the  Lyon  Mountain 
quadrangle.  The  actual  former  extent  of  the  sandstone  within  the 
quadrangle  is  of  course  not  accurately  known. 

Judging  by  the  extensive  submergence  of  the  southeastern  and 
southern  Adirondack  region,  and  the  thickness  and  extent  of  the 
Ordovician  marine  strata  in  the  upper  Champlain  valley,  it  seems 
very  probable  that  most  if  not  all  of  the  area  of  the  Lyon  Mountain 
quadrangle  was  formerly  covered  by  Ordovician  strata.  The  maxi¬ 
mum  submergence  under  the  sea  came  during  middle  Ordovician 
time,  and  there  is  no  good  evidence  that  marine  waters  ever  spread 
over  the  area  of  the  quadrangle  since  the  close  of  the  Ordovician. 

STRUCTURAL  GEOLOGY 
Foliation  of  the  Intrusive  Rocks 

Syenite-granite  series.  In  the  syenite-granite  series  of  the  quad¬ 
rangle  at  least  a  faint  foliation  seldom  fails  to  show ;  most  of  these 
rocks  are  moderately  foliated;  and  some  are  excessively  foliated. 
In  many  ledges  the  general  strike  can  be  made  out  but  not  the  dip. 
The  foliated  structure  is  usually  accentuated  by  the  roughly  par¬ 
allel  arrangement  of  dark  minerals,  though  locally  the  granite  (espe¬ 
cially  Hawkeye  granite),  where  it  is  comparatively  free  from  dark 
minerals,  is  strikingly  gneissoid  due  to  excessive  flattening  of  feld¬ 
spar  and  quartz,  particularly  the  latter.  Granulation  of  minerals, 
especially  feldspar,  is  common  in  many  localities,  and  in  many  places 
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it  is  highly  developed,  the  more  highly  foliated  rocks  generally  being 
most  granulated.  The  degree  of  foliation  commonly  varies  notably 
within  short  distances. 

On  the  accompanying  geological  map  there  are  recorded  representa¬ 
tive  strikes  and  dips  selected  from  many  field  observations.  It  is 
very  important  to  note  that  both  strike  and  dip  of  the  foliation  vary 
exceedingly,  in  many  cases  within  relatively  short  distances.  The 
angle  of  dip  is  usually  high,  ranging  from  40  to  90  degrees.  In  the 
southern  half  of  the  quadrangle  strikes  and  dips  are  so  variable  that 
nothing  like  a  general  trend  can  be  made  out.  It  is  the  same  with 
the  northern  half  of  the  quadrangle  excepting  the  central-northern 
portion  including  Lyon  mountain  and  the  vicinity  of  Lyon  Mountain 
village  where  the  strike  is  persistently  northeast  by  southwest  and 
the  dip  is  toward  the  northwest. 

The  writer  considers  these  foliated  igneous  rocks  to  be  so-called 
“primary  gneisses”  whose  gneissoid  structure  was  developed  as  a 
sort  of  magmatic  flow-structure  under  moderate  compression,  rather 
than  by  severe  lateral  (orogenic)  pressure  brought  to  bear  upon  the 
region  after  the  cooling  of  the  magma.  Briefly  stated  the  writer’s 
explanation  follows.1  During  the  processes  of  intrusion,  which  were 
long  continued,  the  great  magmatic  masses  were  under  only  enough 
lateral  pressue  to  control  the  general  strike  of  the  uprising  magmas 
with  consequent  tendency  toward  parallel  arrangement  of  intrusives 
and  invaded  older  rocks;  the  foliation  is  essentially  a  flow-structure 
produced  by  magmatic  currents  under  moderate  pressure  during  the 
intrusions;  the  sharp  variations  of  strike  on  large  and  small  scales, 
and  rapid  variations  in  degree  of  foliation  are  essentially  the  result 
of  varying  magmatic  currents  under  differential  pressure,  principally 
during  a  late  stage  of  magma  consolidation ;  the  almost  universal  but 
varied  granulation  of  these  rocks  was  produced  in  most  cases  by 
movements  in  the  partly  solidified  magma,  and  possibly  to  some 
extent  by  moderate  pressure  after  complete  solidification;  and  the 
mineral  flattening  or  elongation  was  caused  by  crystallization  under 
differential  pressure  in  the  cooling  magma. 

Gabbro  and  amphibolite.  It  is  believed  that  the  old  gabbro  masses 
exhibit  foliation  and  granulation  due  to  two  separate  and  distinct 
causes.  Foliation  and  granulation  are  not  uncommon  well  within 
the  gabbro  masses,  especially  the  larger  ones.  Both  the  degree  and 
direction  of  the  foliation  vary  notably  within  short  distances  even 
within  single  bodies.  Such  foliation  and  granulation  are  considered 

1  The  writer  has  presented  a  rather  full  discussion  of  this  subject  in  Jour. 
Geol.  24:  600-16.  1916. 
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to  be  largely  if  not  wholly  primary  features  due  to  magmatic  move¬ 
ments  or  differential  flowage  while  the  magmas  were  being  intruded 
under  deep-seated  conditions.  Such  rocks  are  therefore  primary 
gneisses. 

Portions  of  borders  of  many  of  the  larger  gabbro  bodies,  and  many 
of  the  small  bodies  as  a  whole,  are  more  or  less  foliated  amphibolites 
which  are  commonly  distinctly  finer  grained  and  more  granulated 
than  the  usual  gabbro.  In  some  cases  the  finer  grained  amphibolites 
show  little  or  no  foliation.  Such  amphibolites  are  considered  to  rep¬ 
resent  gabbros  which  have  been  subjected  to  pressure  of  the  envelop¬ 
ing  syenite-granite  magma  resulting  in  the  secondary  development 
of  this  foliation  and  granulation.  In  this  connection  it  should  be 
noted  that  the  foliation  of  the  long  axes  of  the  bodies  of  gabbro 
and  amphibolite  and  their  border  foliation  conform  nearly  always 
to  the  magmatic  flow-structure  foliation  of  the  adjacent  granites, 
and  that  these  features  in  some  cases  vary  notably  within  i  or  2 
square  miles  as  on  Tolman  and  Ellis  mountains. 

Tilting  and  Folding 

Grenville  series.  Evidence  has  been  presented  by  the  writer1  to 
show  that  the  Grenville  strata  of  the  Adirondacks  have  never  been 
highly  folded  or  severely  compressed.  Many  broad  belts  of  the 
strata  are  known  to  be  practically  horizontal  or  only  very  moderately 
folded,  while  many  masses  are  merely  tilted  or  domed  at  various 
angles.  Very  locally  the  strata  exhibit  contortions.  The  many  scat¬ 
tering  bodies  of  Grenville  strata  throughout  the  Adirondacks,  in¬ 
cluding  the  few  small  ones  of  the  Lyon  Mountain  quadrangle,  do 
not  show  any  very  persistent  strike  as  would  be  the  case  had  they 
been  subjected  to  notable  orogenic  pressure.  The  structural  rela¬ 
tions  of  the  Adirondack  Grenville  strata  are  reasonably  explained  as 
having  been  the  result  of  the  slow  irregular  upwelling  of  the  great 
bodies  of  more  or  less  plastic  magmas,  probably  under  very  moderate 
compression,  whereby  the  strata,  previously  deformed  little  or  none 
at  all,  were  either  broken,  up,  tilted,  lifted  or  domed,  or  engulfed 
by  the  magmas.  In  some  places,  due  to  magmatic  pressure,  local 
contortions  developed.  The  metamorphism  of  the  Grenville  strata 
is  regarded  as  having  taken  place  before  or  during  the  upwelling  of 
the  magmas. 

The  evidence  from  the  few  small  remnants  of  Grenville  in  the 
Lyon  Mountain  quadrangle,  so  ar  as  it  is  worth  anything,  is  in 

1  Jour.  Geol.  24:  588-96.  1916. 
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harmony  with  the  view  just  set  forth.  The  masses  of  Grenville  were 
not  only  engulfed  by  the  magmas,  tilted  and  swung  into  general 
parallelism  with  the  magmatic  currents,  but  they  were  also  intricately 
cut  and  more  or  less  injected  by  the  magmas,  in  some  cases  with 
the  production  of  local  contortions. 

Syenite-granite  series.  In  the  writer’s  opinion  the  structural 
features  of  the  Adirondacks  are  best  explainable  without  assuming 
that  a  severe  orogenic  pressure  ever  affected  the  region.  The  argu¬ 
ments  set  forth  at  some  length  by  the  writer1  apply  with  full  force 
to  the  Lyon  Mountain  quadrangle,  except  possibly  the  northwestern 
portion.  For  details  the  reader  is  referred  to  that  paper.  Suffice  it 
to  say  here  that  the  very  variable  strikes  and  dips  of  the  syenite- 
granite  series  of  the  quadrangle,  as  well  as  the  notable  variations  in 
degree  of  foliation  and  granulation,  constitute  evidence  decidedly 
against  the  view  that  these  features  are  essentially  the  result  of  dy¬ 
namic  metamorphism  produced  by  severe  compression  of  the  rocks 
after  they  had  completely  solidified.  As  already  pointed  out,  these 
rocks  are  really  primary  gneisses,  and  their  foliation  and  granulation 
were  produced  largely  or  wholly  by  magmatic  movements  during  the 
intrusion  under  conditions  of  only  moderate  pressure.  There  is 
no  general  trend  of  strike  of  foliation  as  would  be  the  case  if  severe 
orogenic  pressure  had  operated  during  or  after  the  intrusion  of  the 
syenite  granite  series.  A  possible  exception  is  the  mass  of  Lyon 
mountain  and  the  vicinity  of  Lyon  Mountain  village  where  the  strike 
is  all  northeast  by  southwest,  with  dips  all  to  the  northwest.  This 
exceptional  portion  of  the  quadrange  may  possibly  form  the  border 
of  a  wide  belt  of  folded  Precambrian  rocks  in  the  St  Lawrence 
valley  district,  the  presence  of  which  has  been  advocated  by  Cushing 
in  his  work  in  the  Thousand  Islands  region.  It  is,  however,  not 
necessary  to  assume  severe  orogenic  pressure  for  the  vicinity  of 
Lyon  Mountain  village  because  it  is  entirely  in  harmony  with  the 
writer’s  general  view  of  Adirondack  structure  to  consider  that, 
locally,  considerable  masses  of  magma  rose  in  such  manner  as  to 
produce  rather  uniform  strikes  and  dips. 

Faults 

Compared  to  the  eastern  half  of  the  Adirondacks  in  general  there 
are  very  few  definitely  recognizable  faults  in  the  quadrangle,  and 
their  influence  upon  the  topography  is  apparently  not  nearly  as 
important  as  usual,  but  since  so  much  of  the  area  is  masked  by 


1  Jour.  Geol.  24:  600-12.  1916. 
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Pleistocene  deposits  one  should  not  be  too  certain  of  the  rarity  of 
faults.  No  fault  lines  are  actually  represented  on  the  geologic  map 
because  of  lack  of  sufficient  evidence. 

At  a  number  of  localities  the  rocks  are  either  largely  jointed  or 
crushed  and  even  brecciated.  Such  zones  can  not  be  traced  across 
country  and  the  amount  of  displacement  can  not  be  made  out.  These 
zones  do,  however,  quite  certainly  represent  normal  faults  usually 
with  practically  vertical  displacements.  The  principal  observed  local¬ 
ities  will  now  be  cited. 

At  the  upper  end  of  the  High  falls  gorge  (i  mile  south  of  Mof- 
fitsville)  a  brecciated  and  highly  jointed  zone  20  feet  wide  in 
Lyon  Mountain  granite  crosses  the  river.  Its  strike  is  about  north 
60  degrees  east. 

A  distinctly  brecciated  zone  of  Lyon  Mountain  granite  crosses 
the  High  falls  gorge  one-half  of  a  mile  south  of  Moffitsville.  It 
is  20  feet  wide. 

In  the  bed  of  True  brook  one-half  of  a  mile  west  of  Moffitsville 
the  Lyon  Mountain  granite  shows  a  brecciated  zone  several  feet 
wide  with  a  northwest  by  southeast  strike.  Possibly  this  is  a  con¬ 
tinuation  of  the  one  which  crosses  the  High  falls  gorge. 

Cushing,  in  his  report  on  Clinton  county,  states  that  a  zone  of 
brecciated  gneiss  occurs  near  the  road  just  east  of  Russia  (now 
Moffitsville). 

The  finest  display  of  a  fault-crush  zone  observed  by  the  writer 
crosses  the  river  one-fourth  of  a  mile  west  of  the  upper  bridge  at 
Redford.  The  whole  zone  is  fully  100  feet  wide,  40  feet  of  it  being 
very  badly  broken  with  many  slickensided  surfaces.  It  strikes 
north  50  degrees  east. 

Near  the  northeastern  corner  of  the  map  area,  where  King  brook 
empties  into  Steepbank  brook,  a  brecciated  zone  several  feet  wide 
with  a  strike  north  75  degrees  west  is  traceable  50  feet. 

A  zone  of  excessive  jointing  with  strike  north  70  degrees  east 
crosses  a  ledge  of  Lyon  Mountain  granite  in  the  bed  of  Cold  Brook 
one-third  of  a  mile  above  its  mouth. 

The  ledge  of  low-dipping  mixed  rocks  under  the  bridge  at  Union 
Falls  shows  much  good  slickensides  parallel  to  the  foliation. 

In  all  cases  above  cited  the  fault  zones  show  no  appreciable  in¬ 
fluence  upon  the  topography,  and  this  indicates  that  they  are  not 
to  be  classed  with  the  geologically  more  recent  faults  of  the  Adiron- 
dacks.  Further,  the  fault  zones  near  Moffitsville  were  until  very 
recently  (geologically)  covered  by  the  Potsdam  sandstone  which 
outcrops  extensively  within  a  mile  or  two  to  the  east  and  which 
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fails  to  show  faulting  like  the  granite.  This  evidence,  therefore, 
strongly  indicates  that  most  or  all  of  the  fault  zones  above  mentioned 
must  have  developed  before  late  Cambrian  time  and  probably  in 
Precambrian  time. 

The  valleys  which  are  in  part  occupied  by  Upper  Chateaugay  and 
Chazy  lakes  strongly  resemble  fault  valleys  similar  to  those  rather 
definitely  known  in  the  eastern  half  of  the  Adirondacks,  but  positive 
evidence  is  lacking. 

Joints  and  Exfoliation 

Jointing  of  the  usual  kind  is  common  throughout  the  quadrangle. 
In  a  few  places  as  above  indicated  there  are  zones  of  closely  spaced 
joints  accompanied  by  slickensides,  proving  that  at  least  some  fault¬ 
ing  has  taken  place. 

In  some  localities  striking  topographic  features  have  resulted  from 
the  removal  of  joint  blocks  probably  mostly  by  the  action  of  ice 
during  the  Ice  age.  Most  conspicuous  are  the  great  zigzag  vertical¬ 
faced  ledges  forming  the  southern  side  of  Silver  Lake  mountains  for 
2  or  3  miles.  Many  of  these  joint  cliffs  rise  to  heights  of  from  ioo 
to  200  feet,  the  whole  forming  an  impressive  scene  as  viewed  from 
the  road  to  the  south  (see  plate  i). 

The  steep  western  face  of  Tolman  mountain,  several  hundred  feet 
high  and  one-half  of  a  mile  long,  is  a  modified  joint  face. 

Joint  cliffs  from  ioo  to  200  feet  high  are  also  common  on  Lyon, 
Alder  Brook  and  Duncan  mountains  and  their  spurs. 

Conspicuous  joint  cliffs  form  the  north  faces  of  several  hills  west 
and  northeast  of  Barnes  pond. 

Many  of  the  diabase  dikes  of  the  quadrangle  have  been  intruded 
through  joint  cracks. 

Exfoliation  is  moderately  well  exhibited  on  many  of  the  hills  and 
mountains.  Perhaps  the  finest  example  is  the  western  face  of  the 
hill  called  Haystack  mountain  i1/^  miles  due  west  of  the  summit  of 
Norton  peak.  The  whole  very  steep  barren  hillside  several  hundred 
feet  high  is  peeling  off  in  the  form  of  large  exfoliation  slabs. 

PLEISTOCENE  GEOLOGY 

General  Statements 

It  should  be  clearly  understood  that  no  elaborate  study  of  the 
glacial  and  postglacial  geology  of  the  quadrangle  was  undertaken 
by  the  writer,  though  many  observations  on  the  Pleistocene  were 
recorded  during  the  prosecution  of  the  field  work  on  the  ancient 
rocks.  It  seems  advisable  to  place  the  most  important  of  the  observa- 
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tions  in  print.  In  the  light  of  these  observations  and  our  general 
knowledge  of  the  Pleistocene  geology  of  northern  New  York,  the 
writer  has  ventured  upon  some  interpretations  which  must  be  re¬ 
garded  as  more  or  less  tentative  until  much  detailed  work  has  been 

o 

carried  on  not  only  within  this  quadrangle  but  also  in  the  surrounding- 
country. 

During  the  great  Ice  age  of  the  Quaternary  period,  all  of  New 
York  State  Except  portions  of  the  extreme  southern  part  was  covered 
by  a  sheet  of  ice.  This  was  part  of  the  vast  body  of  ice  which 
occupied  nearly  4,000,000  square  miles  of  North  America.  That 
this  ice  was  thick  enough  to  bury  even  the  highest  mountains  of 
northern  New  York  is  proved  by  the  presence  of  glacial  pebbles  and 
boulders  at  or  close  to  many  of  their  summits.  This  is  true  in  the 
Lyon  Mountain  quadrangle.  In  some  cases  striae  and  glaciated 
ledges  have  been  observed  several  thousand  feet  above  sea  level, 
the  highest  Which  happened  to  be  observed  in  the  Lyon  Mountain 
quadrangle  being  at  2160  feet.  Adirondack  glacial  lakes  at  altitudes 
of  several  thousand  feet  also  bear  strong  testimony  to  great  depth 
of  ice.  The  general  direction  of  movement  of  the  ice  across  the 
Adirondacks  was  towards  the  south  and  southwest,  with  compara¬ 
tively  few  local  exceptions.  Such  a  persistent  direction  of  movement 
also  strongly  argues  for  complete  burial  of  the  region  under  ice.  The 
ice  spread  southward  as  a  part  of  the  great  Labradorean  sheet  of 
eastern  Canada.  When  the  ice,  early  in  its  southward  movement, 
struck  the  Adirondack  highland  district,  one  portion  flowed  south¬ 
ward  through  the  Champlain  valley  and  sent  a  branch  lobe  westward 
into  the  Mohawk  valley.  At  the  same  time  another  portion  flowed 
around  the  western  side  of  the  mountains  and  sent  a  lobe  eastward 
into  the  Mohawk  valley.  The  two  lobes,  one  from  the  east  and  the 
other  from  the  west,  met  in  the  Mohawk  valley,  leaving  the  main 
portion  of  the  Adirondack  region  free  from  ice.  As  the  ice  in¬ 
creased  in  volume,  however,  more  and  more  of  the  Adirondacks 
were  covered  until  finally  even  the  highest  points  were  buried.  Early 
in  the  advance  of  the  Champlain  lobe  a  local  branching  lobe  was 
probably  sent  westward  into  the  Saranac  valley  of  the  Lyon  Moun¬ 
tain  quadrangle.  In  a  paper  published  by  the  writer  some  years  ago1 
the  movement  of  the  great  ice  sheet  across  northern  New  York  is  dis¬ 
cussed.  During  the  ice  retreat  the  higher  east-central  Adirondack 
region  was  the  first  to  be  freed  from  ice,  and  the  ice-freed  portion 
gradually  increased  in  size.  It  was  chiefly  during  this  stage  of  ice 
retreat  that  many  large  (now  extinct)  Adirondack  glacial  lakes 
existed. 


1  Araer.  Jour,  Sci.  27 :  289-98.  1909, 
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Direction  of  Ice  Movement 

The  direction  of  movement  of  the  ice  across  the  Lyon  Mountain 
quadrangle  is  rather  clearly  recorded  by  glacial  scratches  or  so-called 
“  striae/’  Distinct  glacial  striae  were  observed  in  twenty-one  loca¬ 
lities,  their  locations  and  bearings  being  plotted  on  the  accompanying 
geologic  map.  They  are  as  follows : 

1  S  8o°  W.  On  Lyon  Mountain  granite  by  the  road  i  mile  east 
of  Goldsmith. 

2  S  8o°  W.  On  Lyon  Mountain  granite  by  the  road  iy$  miles 
east  of  Goldsmith. 

3  S  70°  W.  On  mixed  gneisses  by  the  road  i  mile  west  south¬ 
west  of  Clayburg. 

4  S  4O0  W.  On  Lyon  Mountain  granite  by  the  road  one-third 
of  a  mile  southwest  of  Mud  pond  (southeast  of  Redford). 

5  S  40°  W.  On  Lyon  Mountain  granite  a  few  rods  north  of 
the  road  i  miles  due  south  of  Moffitsville. 

6  S  8o°  W.  On  mixed  rocks  by  the  railroad  just  east  of  Russia 
station. 

7  S  8o°  W.  On  Marcy  anorthosite  at  the  top  of  Clark  hill  south 
of  Russia  station. 

8  S  6o°  W.  On  Lyon  Mountain  granite  by  the  road  i  mile 
north  of  Moffitsville. 

9  S  550  W.  On  gabbro  by  the  road  i  1/5  miles  northwest  of 
Moffitsville. 

10  S  85°  W.  On  metagabbro  near  the  road  three-fourths  of  a 
mile  east  of  Hammond  school. 

11  S  450  W.  On  metagabbro  by  the  railroad  one-fifth  of  a  mile 
south  of  Junction  kilns. 

12  S  40°  W.  On  Lyon  Mountain  granite  by  the  railroad  one- 
half  of  a  mile  northeast  of  The  Gap. 

13  S  40°  W.  On  Lyon  Mountain  granite  one-fifth  of  a  mile 
east-southeast  of  The  Gap. 

14  S  40°  W.  On  Lyon  Mountain  granite  two-fifths  of  a  mile 
a  little  north  of  east  of  The  Gap. 

15  S  350  W.  On  Lyon  Mountain  granite  a  few  rods  west  of 
the  railroad  station  in  Lyon  Mountain  village. 

16  S  30°  W.  On  mixed  rocks  at  the  southern  end  of  the  main 
workings  of  the  iron  mine  at  Lyon  Mountain  village. 

17  S  350  W.  On  mixed  rocks  at  the  Williams  pit  (iron  mine) 
one-half  of  a  mile  east  of  Lyon  Mountain  village. 

18  S  350  W.  On  Lyon  Mountain  granite  at  the  eastern  edge  of 
Lyon  Mountain  village. 
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19  S  40°  W.  On  Lyon  Mountain  granite  by  the  road  1  mile 
north-northeast  of  Standish. 

20  S  350  W.  On  Lyon  Mountain  granite  by  the  road  1%  miles 
northeast  of  Standish. 

21  S  350  W.  On  Lyon  Mountain  granite  by  the  road  I miles 
northeast  of  Standish. 

It  is  evident  from  the  above  list  that  the  general  movement  of  the 
ice  across  the  quadrangle  was  towrard  the  southwest,  the  extreme 
range  in  direction  of  the  striae  being  from  S.  30°  W.  to  S.  85°  W. 
A  notable  grouping  of  striae  in  the  general  vicinity  of  Lyon  Moun¬ 
tain  village  strongly  indicates  that  the  ice  moved  across  the  north¬ 
western  portion  of  the  quadrangle  S.  30°  to  40°  W.  Most  of  the 
other  striae  were  observed  in  the  broad  Saranac  valley  through  which 
the  general  movement  of  the  ice  was  west-southwest  probably  as  a 
rather  distinct  lobe  during  the  early  and  late  stages  of  ice  occupancy. 
No  striae  were  noted  across  the  southern  part  of  the  quadrangle. 
Evidently  the  direction  of  flowage  of  ice  across  the  Lyon  Moun¬ 
tain  quadrangle,  which  lies  near  the  northeastern  border  of  the 
Adirondacks,  was  distinctly  influenced  by  the  great  ice  current 
which  moved  southwestward  through  the  broad  low  St  Lawrence 
valley. 

Ice  Erosion 

There  is  no  evidence  that  the  ice  was  a  vigorous  agent  of  erosion 
within  the  quadrangle.  It  may  possibly  have  scoured  out  and  some¬ 
what  deepened  some  of  the  valleys,  but  definite  proof  is  lacking. 
Studies  made  throughout  the  Adirondack  region  show  that  none  of 
the  more  prominent  valleys  was  really  produced  by  ice  erosion,  for 
in  many  cases  the  main  body  of  the  ice  flowed  across  the  trend  of  the 
valleys  rather  than  parallel  to  them  as  would  have  been  necessary 
for  ice  erosion  to  have  been  very  effective  for  their  development  or 
even  notable  modification. 

It  is  quite  certain,  however,  that  the  ice  did  remove  from  their 
original  positions  most  of  the  preglacial  soils  and  rotten  rocks.  Fur¬ 
thermore,  the  vast  number  of  glacial  pebbles  and  boulders  of  com¬ 
paratively  fresh  rocks,  many  of  them  rather  angular,  clearly  shows 
that  much  relatively  fresh  rock  must  have  been  removed  probably 
by  the  process  of  plucking  or  pushing  off  of  joint  blocks  which  dur¬ 
ing  transportation  became  more  or  less  rounded.  Altogether,  how¬ 
ever,  the  total  amount  of  material  eroded  by  the  ice  made  no  marked 
difference  in  the  preglacial  topography.  The  dumping  of  glacial 
material  in  the  valleys  during  and  after  the  ice  retreat  has  probably 
altered  the  topography  more  than  erosion  by  the  ice. 


72 


NEW  YORK  STATE  MUSEUM 


Glacial  Deposits 

Morainic  deposits.  Typical  morainic  deposits,  mostly  glacial  till 
or  ground  morainic  material  containing  many  boulders,  are  common 
throughout  the  quadrangle  and  in  many  places  they  are  more  or  less 
associated  with  stratified  or  fluvio-glacial  materials.  Boulder  clay 
is  seldom  seen.  Morainic  deposits  are  particularly  well  developed 
over  the  lower  lands  or  valleys,  while  well  up  on  the  hills  and  moun¬ 
tains  they  are  usually  thin  or  absent.  It  is  evident  that  during  the 
retreat  of  the  great  ice  sheet  the  burden  of  morainic  materials  was 
largely  dumped  in  the  valleys  by  direct  deposition  from  the  ice  or 
by  water  in  connection  with  the  ice.  Kame-morainic  deposits  are 
considered  beyond. 

Some  rather  extensive  areas  are  separately  mapped  as  Pleistocene 
because  no  exposures  of  the  old  rocks  were  observed  within  them. 
Rather  typical  ground  morainic  material  characterizes  most  of  these 
areas,  though  glacial  lake  deposits  and  kames  are  locally  conspicuous. 

Glacial  boulders  or  erratics.  Glacial  boulders  are  very  abundant 
and  widespread  over  the  quadrangle  but  they  are  notably  less  com¬ 
mon  on  the  sides  and  tops  of  mountains  and  steep  hills  than  over 
the  lower  lands.  Most  of  the  boulders  of  course  represent  the  chief 
rock  formations  of  the  quadrangle,  particularly  the  granites.  The 
largest  erratic  noted  lies  near  the  road  i2/z  miles  west  of  Alder 
Brook  village.  It  is  of  coarse  Hawkeye  granite  and  measures 
roughly  30  feet  long,  20  feet  wide  and  12  feet  high. 

Although  Potsdam  sandstone  is  not  known  to  outcrop  within  the 
quadrangle,  it  is  represented  by  thousands  of  boulders  scattered 
over  the  entire  district.  The  Potsdam  sandstone  is  extensively  de¬ 
veloped  in  the  quadrangles  next  to  the  east  and  the  north  so  that  the 
presence  of  so  many  sandstone  fragments  in  the  Lyon  Mountain 
quadrangle  is  readily  accounted  for.  Fragments  of  the  sandstone 
were  found  on  all  the  mountains,  even  at  the  summits  of  the  highest 
including  Lyon  Mountain.  Pieces  of  Potsdam  sandstone  at  the 
summit  of  Lyon  Mountain  at  an  altitude  of  3830  feet  are  of  special 
interest  because  they  prove  not  only  that  the  ice  sheet  rode  over  that 
mountain,  but  also  that  within  a  relatively  few  miles  the  ice  pushed 
or  carried  the  sandstone  fragments  uphill  more  than  2000  feet,  since 
the  top  of  Lyon  Mountain  is  fully  2000  feet  higher  than  the  highest 
outcrops  of  Potsdam  sandstone  just  northeast  of  Chazy  lake. 

In  certain  localities,  each  covering  several  acres,  vast  numbers  of 
angular  fragments  of  the  sandstone  in  all  sizes  up  to  several  feet 
across  were  observed.  Among  such  places  are  the  following:  be- 


Plate  8a 


IV.  J.  Miller,  photo  1918 
Parallel  morainic  ridges  one-third  of  a  mile  east  of 
Goldsmith.  The  middle  ridge  is  probably  an  esker. 


Plate  8b 


W.  J.  Miller,  photo  1918 

Glacial  lake  terrace  (near  middle  of  picture)  on  the 
north  side  of  True  Brook  valley,  ip3  miles  west-norm- 
west  of  Moffitsville. 
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tween  the  road  and  the  river  at  the  north  end  of  Teft  pond;  one- 
third  of  a  mile  east  of  Mud  pond  (south  of  Riverview)  ;  and  near 
the  northern  end  of  the  mountain  top  1^4  miles  a  little  north  of  east 
of  Chazy  lake  station.  In  every  such  case  careful  search  failed  to 
reveal  an  adjacent  outcrop.  More  than  likely  such  aggregations  of 
sandstone  fragments  are  the  result  of  breaking  up  of  large  cakes 
of  sandstone  during  or  after  their  transportation  by  the  ice. 

Kames  and  eskers.  A  very  distinct  kame-moraine  from  one- 
fourth  of  a  mile  to  i  mile  wide  extends  with  scarcely  an  interruption 
for  fully  12  miles  in  a  northeasterly  direction  from  southwest  of 
Goldsmith,  past  Two  brooks,  between  High  bank  and  the  mouth  of 
Bernau  brook,  between  Haystack  knob  and  Barnes  pond,  to  the 
vicinity  of  Hammond  school.  From  about  i  mile  southwest  to  i 
mile  northeast  of  Goldsmith  the  kame-moraine  is  especially  well 
exhibited.  A  single  almost  continuous  ridge  of  this  deposit  is  two 
miles  long,  and  mostly  from  50  to  100  feet  high.  It  consists  almost 
wholly  of  sand  and  gravel  with  only  an  occasional  fair-sized  boulder. 
About  one- third  of  a  mile  east  of  Goldsmith  there  are  three  very  in¬ 
teresting  parallel  ridges  including  part  of  the  long  large  ridge  on 
the  west,  a  well-developed  ridge  on  the  east,  and  a  smaller  sharply 
defined  narrow  ridge  20  to  40  feet  high  between  the  two.  The  two 
larger  ridges  join  toward  the  west,  but  the  little  ridge  in  the  middle, 
which  is  about  one- fourth  of  a  mile  long,  is  entirely  separate  as 
shown  by  plate  8a.  The  little  ridge  consists  of  sand  and  gravel  with 
practically  no  boulders.  It  is  quite  certainly  a  true  esker. 

The  kame-moraine  deposits  are  also  very  well  shown,  among 
many  other  places,  along  the  road  from  High  Bank  eastward  for  1 
mile,  along  the  road  in  the  vicinity  of  Dow  pond,  and  north  of  the 
main  road  for  2  miles  west  from  Hammond  school.  It  seems  almost 
certain  that  the  long  kame-moraine  deposit  just  described  marks  a 
temporary  almost  stationary  position  of  the  margin  of  a  lobe  of  ice 
which  occupied  the  broad  Saranac  valley  during  the  general  retreat 
of  the  great  ice  sheet. 

From  Twin  Ponds  station  west  to  the  map  limits  and  southward  for 
2  miles  (including  Piney  ridge),  the  whole  country  consists  of  sand 
and  gravel  kame  hills,  most  of  them  from  100  to  200  feet  high. 

A  group  of  very  typical  kame  hills  (with  kettle  holes)  lies  between 
1  and  il/2  miles  a  little  east  of  north  of  Clayburg. 
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Extinct  Lakes  and  Their  Deposits 

General  statements.  During  the  melting  of  the  great  sheet  of 
ice,  according  to  Fairchild,1  the  higher  east-central  Adirondack 
region  was  first  freed  from  the  ice,  and  this  ice- freed  region 
gradually  increased  in  size  as  the  ice  front  retreated  from  it  on  all 
sides.  According  to  this  view,  which  in  the  opinion  of  the  writer 
best  explains  the  phenomena  of  the  extinct  lakes,  the  general  retreat 
of  the  ice  front  across  the  Lyon  Mountain  quadrangle  was  toward 
the  northeast.  Within  the  quadrangle  there  is  considerable  evidence 
to  indicate  that  during  the  ice  retreat  a  rather  distinct  lobe  of  ice 
occupied  and  retreated  eastward  to  northeastward  from  the  Saranac 
valley.  The  presence  of  the  very  distinct  northeast  by  southwest 
kame-moraine  above  described,  and  the  correlation  of  glacial  lake 
deposits  within  the  Saranac  valley,  strongly  support  this  view.  This 
waning  ice  lobe  was  followed  by  successively  lower  lake  levels,  the 
waters  having  been  held  up  by  the  ice  wall. 

Merrillville  glacial  waters.  In  the  Loon  Lake  quadrangle,  in 
the  general  vicinities  of  Merrillville  and  Loon  Lake  post  office, 
glacial  lake  deposits  (sands  and  gravels)  are  rather  extensively 
developed  with  higher  levels  ranging  from  about  1740  feet  to  nearly 
1800  feet.  Thus  the  altitude2  of  the  Merrillville  glacial  waters,  in 
which  the  deposits  were  formed,  correlates  with  Ailing’s  lower  New¬ 
man  glacial  lake,3  but  whether  or  not  the  Merrillville  and  lower 
Newman  waters  were  actually  connected  is  not  known  to  the  writer. 
The  eastern  margin  of  the  Merrillville  sand-plain  lies  along  the  south¬ 
western  border  of  the  Lyon  Mountain  quadrangle,  and  it  seems  quite 
clear  that  the  Merrillville  waters  were  held  up  by  a  wall  of  ice  which 
lay  across  the  southwestern  margin  of  the  Lyon  Mountain  quad¬ 
rangle. 

Clayburg  glacial  waters.  In  the  Saranac  valley  the  next  most 
conspicuous  development  of  glacial  lake  deposits  took  place  after  the 
ice  had  retreated  in  the  valley  to  the  vicinity  of  Redford.  These 
deposits,  which  show  altitudes  of  from  about  1220  to  1260  feet,  are 
well  exhibited  in  the  vicinity  of  Clayburg.  Just  north  of  the  village 
there  is  a  very  conspicuous  delta  sand-plain  three-fourths  of  a  mile 
long  and  one-half  of  a  mile  wide  at  an  altitude  of  1220  feet.  It  con¬ 
tains  one  good  kettle  hole.  One-fourth  of  a  mile  a  little  east  of 

1  N.  Y.  S.  Mus.  Bui.  160,  1912,  plates  10  to  17. 

2  It  should  of  course  be  borne  in  mind  that,  since  the  land  stood  some  hun¬ 
dreds  of  feet  lower  during  the  waning  of  the  ice  than  now,  the  present 
altitudes  of  the  glacial  lake  delta  sand-plains  or  other  deposits  are  distinctly 
higher  than  the  actual  levels  of  the  waters  in  which  the  delta  deposits  formed. 

3  Geol.  Soc.  Amer.  Bui.  27:  655.  1916. 
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south  of  Clayburg  a  much  smaller,  well-developed  terrace  also  lies  at 
1220  feet.  Still  another  good  terrace  lies  between  1200  and  1220 
feet  just  northwest  of  Ore  pond.  Evidently  a  considerable  body  of 
water  was  held  up  by  an  ice  dam  across  the  valley  at  or  near  Red- 
ford,  and  the  delta  sands  were  probably  washed  into  this  lake  by  the 
main  branch  of  the  Saranac  river.  The  probable  outlet  of  this  lake 
was  eastward  through  the  Ore  pond-Mud  pond  valley.  Several 
small  delta  terraces  in  the  vicinity  of  Riverview  at  about  1220  feet 
strongly  indicate  that  the  Clayburg  glacial  waters  extended  fully  5 
miles  up  the  valley.  One  of  these  terraces  lies  two-thirds  of  a  mile 
northwest  of  Riverview  (just  east  of  Cold  brook)  ;  another  just 
south  of  the  road  three-fourths  of  a  mile  west-southwest  of  River¬ 
view;  and  a  third  just  north  of  the  river  1^2  miles  west  of  River¬ 
view.  Near  the  mouth  of  Cold  brook  on  either  side  there  are  delta 
deposits  at  1180  feet,  but  these  were  quite  certainly  originally  higher 
having  been  planed  down  by  erosion.  Considerable  deposits  prob¬ 
ably  formerly  filled  the  river  valley  up  to  about  1220  feet,  but  these 
have  been  mostly  removed  by  postglacial  erosion. 

A  distinct  delta  terrace  one-third  of  a  mile  wide  with  a  good  kettle 
hole  lies  between  1260  and  1280  feet  1  mile  west  of  Redford.  The 
writer  knows  of  no  other  good  terrace  which  correlates  with  this,  and 
possibly  it  was  formed  in  a  very  local  body  of  water  alongside  the 
waning  ice  lobe  in  the  Saranac  valley. 

True  brook  waters.  When  the  ice  front  stood  across  the  valley 
in  the  vicinity  of  Moffitsville,  waters  were  ponded  at  about  1140  feet 
as  shown  by  a  very  distinct  delta  terrace  one-fourth  of  a  mile  long 
on  the  side  of  the  True  brook  valley  iJ/z  miles  west-northwest  of 
Moffitsville.  This  terrace  lies  200  feet  above  the  level  of  the  brook 
(see  plate  8b).  Three-fourths  of  a  mile  southwest  of  this  terrace 
(just  south  of  the  river)  water-laid  sands  and  gravels  also  rise  to 
1140  feet.  Whether  the  small  body  of  water  represented  by  this 
level  in  the  True  brook  valley  was  connected  with  water  standing 
at  the  same  level  in  the  Saranac  valley  in  the  vicinity  of  Redford  is 
not  known  because  definite  delta  deposits  in  the  latter  locality  at 
1140  feet  were  not  observed. 

Goodrich  mill  waters.  Delta  sand  and  gravel  terraces  which 
correlate  at  a  little  more  than  1200  feet  show  the  former  presence 
of  standing  water  in  the  valley  of  Black  brook  west  of  Goodrich 
mill.  The  best  terraces  are  one-half  of  a  mile  a  little  north  of  west 
of  Goodrich  mill,  and  between  1  and  iR?  miles  west-southwest  of 
the  same  place  on  either  side  of  the  brook. 
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High  bank  waters.  Delta  sands  up  to  an  altitude  of  1520  feet 
are  well  exposed  over  an  area  of  nearly  1  square  mile  in  the  vicinity 
of  High  bank.  These  were  deposited  by  tributaries  of  Cold  brook 
in  a  body  of  water  which  was  probably  a  local  lake  held  up  by  the 
lobe  of  ice  in  its  retreat  from  the  Saranac  valley,  though  possibly 
the  terraces  are  to  be  correlated  with  other  more  distant  ones  not 
known  to  the  writer. 

Goldsmith  lake.  A  lake  over  3  miles  long  formerly  occupied 
the  valley  of  the  North  Branch  Saranac  river  from  just  east  of  Two 
brooks  to  about  2  miles  southwest  of  Goldsmith  as  shown  by  lake  de¬ 
posits  which  reach  an  altitude  of  about  1310  feet.  An  excellent 
terrace  one- fourth  of  a  mile  long  lies  just  northeast  of  Two  brooks. 
It  was  probably  formed  by  the  large  brook  which  comes  from  the 
north.  The  small  valley  just  beyond  the  moraine  southeast  of  Gold¬ 
smith  is  the  bed  of  an  old  lake  whose  waters  may  have  been  confluent 
with  those  in  the  main  valley.  The  Goldsmith  lake  was  held  up  either 
by  the  front  of  the  retreating  ice,  or  by  a  morainic  dam  (probably 
the  latter)  just  east  of  Two  brooks. 

Alder  brook  lake.  The  bottom  of  the  valley  of  Alder  brook  east 
of  Sugarbush  is  a  meadow  2  miles  long  at  an  altitude  of  1320  to 
1340  feet.  This  is  the  bed  of  a  lake  whose  waters  were  kept  up 
either  by  the  retreating  ice  front  or  by  a  morainic  dam  (probably  the 
latter)  northeast  of  Sugarbush. 

Existing  Lakes 

Silver  lake  is  held  up  by  a  dam  of  Pleistocene  deposits  just  north 
of  Hawkeye.  That  the  lake  was  formerly  somewhat  larger  and 
fully  40  feet  deeper  is  clearly  shown  by  the  depth  of  the  channel 
cut  through  the  barrier  of  Pleistocene  material  by  the  outlet,  and 
also  by  the  abandoned  beaches  back  of  the  Silver  Lake  hotel  at 
Hawkeye. 

The  two  Chateaugay  lakes  are  probably  held  up  by  morainic  dams, 
though  this  point  was  not  investigated  by  the  writer.  Delta  sands 
were  observed  at  from  1360  to  1380  feet  along  the  road  1  mile 
northeast  of  Ralph,  and  along  the  trail  one-half  of  a  mile  west  of 
Indian  point.  Delta  sands  also  lie  at  about  1340  feet  just  west  of 
the  mouth  of  Standish  brook.  These  sands  are  doubtless  remnants 
of  deltas  which  were  formed  by  streams  which  entered  the  former 
larger  and  deeper  Upper  Chateaugay  lake.  This  lake  was,  there¬ 
fore,  at  one  time  approximately  60  or  70  feet  deeper  when  it  ex¬ 
tended  fully  3  miles  farther  southwestward  through  the  Middle  kiln 
valley. 
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Morainic  deposits  act  as  a  dam  for  Chazy  lake  on  the  north. 
Fairly  well  defined  lake  deposits  about  the  lake  show  that  the  waters 
formerly  stood  from  20  to  30  feet  higher,  at  which  time  the  lake  was 
a  little  larger. 

Drainage  Changes  Due  to  Glaciation 

The  Saranac  river  and  its  North  Branch,  with  very  local  excep¬ 
tions,  seem  to  follow  practically  their  preglacial  channels.  The 
most  notable  exception  is  the  High  falls  gorge  near  Moffitsville  which 
is  three-fourths  of  a  mile  long  and  bounded  by  very  precipitous 
walls  from  50  to  100  feet  high  (see  plate  4b).  There  are  two  water¬ 
falls,  respectively  about  30  and  50  feet  high  (see  plate  7).  This 
gorge  is  certainly  postglacial.  Just  east  of  the  gorge  there  is  a  high 
hill  of  practically  solid  rock,  while  just  west  there  are  deep  Pleisto¬ 
cene  deposits,  mostly  delta  sands.  The  preglacial  course  of  the 
Saranac  river  must  therefore  have  been  within  a  mile  of  the  High 
falls  to  the  west. 

Practically  all  the  streams  of  the  quadrangle  which  flow  in  rela¬ 
tively  narrow  valleys  between  mountains  or  through  channels  down 
the  mountain  sides  are  now  following  essentially  their  preglacial 
courses.  The  course  of  True  brook  for  the  last  few  miles  is  not 
in  a  narrow  valley  between  mountains,  but  it  is  in  a  rock  channel  of 
preglacial  origin. 

Many  of  the  streams  of  the  quadrangle  flow  across  wide  areas 
deeply  covered  by  Pleistocene  deposits,  and  their  channels,  largely 
or  wholly  in  such  deposits,  are  of  course  of  postglacial  origin.  Cold 
brook  and  most  of  its  tributaries,  except  the  very  upper  waters  of 
some,  constitute  perhaps  the  best  example.  Another  good  example 
is  East  brook1  which  has  its  sources  on  the  Norton  peak  ridge  and 
empties  into  the  North  Branch  Saranac  river  at  Two  brooks. 

SUMMARY  OF  HISTORICAL  GEOLOGY  2 

Precambrian  History 

The  oldest  records  of  the  Lyon  Mountain  quadrangle  are  written 
in  the  rocks  of  the  Grenville  series  which  are  considered  to  be  of 
Archeozoic  age.  A  most  conservative  estimate  by  geologists  gives 

the  age  of  these  rocks  as  no  less  than  25  to  50  million  years,  but  it 
-  .  _  s  ••  7®T'a 

1  East  brook  and  West  brook  are  wrongly  named  on  the  map.  East  brook 
as  given  is  really  West  brook. 

2  The  interested  reader  might  care  to  turn  to  New  York  State  Museum 
Bulletin  193  prepared  by  the  writer,  which  is  a  treatise  dealing  with  the 
geography  and  geological  history  of  the  Adirondack  region  in  somewhat  un- 
technical  language. 
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must  be  admitted  that  we  have  no  means  of  accurately  measuring 
geologic  time  in  years.  Since  the  Grenville  rocks  are  distinctly 
stratified,  very  thick  (many  thousands  of  feet),  and  of  wide  areal 
extent  not  only  throughout  the  Adirondacks  but  also  in  eastern 
Canada,  we  may  be  sure  that  the  earliest  known  condition  of  the 
area  of  the  quadrangle  was  a  sea  in  which  the  Grenville  sediments 
were  accumulated  layer  upon  layer  on  the  bottom.  Only  a  few  small 
remnants  of  the  Grenville  series  occur  within  the  Lyon  Mountain 
quadrangle. 

After  the  deposition  of  the  Grenville  strata  came  vast  intrusions 
of  molten  masses,  including  probably  first  the  old  gabbro,  next  the 
up  welling  of  the  great  body  of  anorthosite  in  Essex  and  Franklin 
counties,  and  then  the  still  greater  syenite-granite  body,  this  last 
series  being  more  extensively  developed  by  far  than  any  other  rocks 
of  the  quadrangle.  The  anorthosite  of  the  Lyon  Mountain  quad¬ 
rangle  occurs  in  only  a  few  small  areas.  During  the  processes  of 
intrusion  and  cooling  of  the  magmas,  the  anorthosite  differentiated 
into  the  Marcy  and  Whiteface  types,  and  the  syenite-granite  split  up 
into  various  types  ranging  from  rather  basic  (dioritic)  phases 
through  quartz  syenite  to  both  medium-grained  and  coarse-grained 
granites.  The  Lyon  Mountain  granite  and  the  Hawkeye  granite  of 
the  quadrangle  belong  here.  Many  masses  of  pegmatite,  silexite  and 
aplite  developed  as  satellites  of  the  cooling  granite  magma.  The 
syenite-granite  intrusion  appears  to  have  taken  place  not  long  (geo¬ 
logically)  after  the  anorthosite  intrusion  so  that  the  latter  was  still 
hot,  though  probably  not  molten,  and  it  was  locally  assimilated  along 
its  borders  by  the  syenite-granite  magma,  thus  giving  rise  to  the  rock 
called  by  the  writer  Keene  gneiss  which  in  the  Lyon  Mountain  quad¬ 
rangle  is  represented  on  only  a  very  small  scale. 

In  many  cases  the  old  rocks,  including  both  Grenville  strata  and 
the  old  gabbro,  were  so  intimately  cut,  injected  or  even  assimilated 
by  the  magmas  of  the  syenite-granite  series,  particularly  the  Lyon 
Mountain  granite,  that  mixed  rocks  have  resulted  which  have  been 
mapped  as  such. 

The  whole  Adirondack  region  was  raised  well  above  sea  level  at 
or  near  the  time  of  the  great  intrusions.  There  are  strong  reasons 
for  believing  that  none  of  the  rocks  was  ever  highly  folded  by 
orogenic  movements,  but  that  the  breaking  up  and  tilting  of  the 
Grenville  strata  resulted  from  the  upwelling  of  the  great  bodies  of 
magma;  that  the  metamorphism  of  the  Grenville  strata  preceded,  or 
possibly  was  in  part  at  least  concomitant  with,  the  great  intrusions; 
and  that  the  folded  character  of  the  intrusive  rocks  is  essentially  $ 
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flow-structure  developed  under  moderate  pressure  during  late  stages 
in  the  consolidation  of  the  magmas. 

The  great  Precambrian  land  mass  above  referred  to  underwent 
weathering  and  erosion  for  some  millions  of  years  at  least,  extending 
through  later  Precambrian  time  and  into  the  earliest  Paleozoic,  as 
proved  by  the  facts  that  the  oldest  rocks  deposited  upon  the  Pre¬ 
cambrian  rock  floor  are  of  late  Cambrian  age,  and  that  the  rocks 
of  this  old  floor  immediately  below  the  Cambrian  strata  exhibit 
textures  and  structures  which  could  not  possibly  have  been  produced 
except  at  very  considerable  depths  below  the  earth’s  surface. 

Following  the  syenite-granite  intrusion,  and,  for  most  part  at 
least,  during  the  long  time  of  erosion  above  mentioned,  came  the 
minor  intrusions  of  gabbro-diorite,  rhyolite  and  diabase,  all  in  the 
form  of  small  dikes.  The  fine-grained  textures  of  these  rocks  shows 
that  they  must  have  been  intruded  during  late  Precambrian  time. 

Paleozoic  History 

By  late  Cambrian  time  the  profound  erosion  above  referred  to  had 
worn  down  most  of  the  Adirondack  region  to  a  comparatively 
smooth,  low-lying  (peneplain)  surface.  This  is  proved  by  the  fact 
that  the  late  Cambrian  strata  (particularly  the  Potsdam  sandstone), 
which  are  the  oldest  to  have  been  deposited  upon  the  Precambrian 
rocks,  rest  upon  a  more  or  less  well  developed  peneplain  surface  of 
the  latter.  In  the  northeastern  Adirondacks,  including  the  Lyon 
Mountain  quadrangle,  whoever,  this  peneplain  was  moderately  rough 
with  some  hills  rising  probably  several  hundred  feet  above  the  gen¬ 
eral  level,  though  of  course  the  topography  was  then  not  at  all  com¬ 
parable  to  the  high  rugged  relief  of  the  present  Adirondacks. 

The  best  available  evidence  indicates  that  the  ancient  peneplain 
became  sufficiently  submerged  during  late  Cambrian  time  to  allow 
the  sea  to  cover  all  but  a  considerable  part  of  the  central  Adirondack 
area,  and  that  the  maximum  submergence  occurred  during  mid- 
Ordovician  time  when  a  still  smaller  part  of  the  central  Adirondack 
region  remained  as  a  low  island.  Judging  by  the  marine  character, 
thickness  and  present-day  distribution  of  the  Cambrian  and  Ordovic¬ 
ian  strata,  the  late  Cambrian  sea  probably  covered  much  of  the  area 
of  the  Lyon  Mountain  quadrangle,  and  the  mid-Ordovician  sea  quite 
certainly  covered  much  or  possibly  all  of  the  area  of  the  quadrangle. 
However  extensive  the  Cambrian  and  Ordovician  rocks  may  once  have 
been,  they  have  since  been  completely  removed  by  erosion  from  the 
area  of  the  quadrangle. 
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At  some  time  or  times  during  the  middle  or  late  Paleozoic  era 
the  whole  Adirondack  region,  then  largely  mantled  with  Paleozoic 
sediments,  was  raised  well  above  sea  level.  Some  of  this  upward 
movement  may  have  taken  place  at  the  time  of  the  Taconic  revolu¬ 
tion  (toward  the  close  of  the  Ordovician),  although  it  is  generally 
considered  that  the  major  uplift  occurred  at  the  time  of  the  Ap- 
plachian  revolution  (toward  the  close  of  the  Paleozoic).  In  north¬ 
ern  New  York  this  upward  movement  was  not  accompanied  by  fold¬ 
ing  of  the  rocks, 

Mesozoic  History 

The  erosion  cycle  inaugurated  by  the  Paleozoic  elevation  of  north¬ 
ern  New  York  continued  for  a  vast  length  of  time,  that  is,  until  late 
in  the  Mesozoic  era  or  early  in  the  Cenozoic  era,  when  the  Paleozoic 
strata  were  largely  removed  from  the  Adirondack  area  and  another 
eroded  surface  approaching  the  condition  of  a  peneplain  was  pro¬ 
duced.  This  has  been  commonly  referred  to  as  the  “  Cretaceous 
peneplain,”  although  just  when  it  reached  its  climax  of  development 
is  not  definitely  known.  Apparently  this  peneplain,  like  the  much 
older  one  above  described,  was  least  perfectly  developed  in  the  east- 
central  and  northeastern  Adirondack  areas,  including  the  area  of 
the  Lyon  Mountain  quadrangle,  where  various  hard  rock  masses 
(monadnocks)  stood  out  more  or  less  prominently  above  the  general 
level.  Lyon  mountain  probably  stood  out  as  such  a  monadnock. 
This  peneplain  was  upraised  late  in  the  Mesozoic  or  early  in  the 
Cenozoic,  and  distinct  remnants  of  it  in  northern  and  central  New 
York  now  lie  at  altitudes  of  from  2000  to  3000  feet,  or  possibly  more 
in  some  places.  Within  the  quadrangle,  however,  no  very  accurate 
idea  of  this  peneplain  or  its  remnants  can  be  gained  because  it  was 
only  imperfectly  developed  there. 

It  is  quite  certain  that  much  of  the  faulting  which  has  so  largely 
influenced  the  development  of  the  major  topographic  features  of  the 
eastern  and  southern  Adirondacks  took  place  after  the  production 
of  the  so-called  Cretaceous  peneplain,  and  probably  at  the  time  of 
its  uplift.  Positive  evidence  for  faulting  at  this  time  within  the 
quadrangle  is  lacking,  but  a  few  of  the  valleys  strongly  suggest  that 
they  may  have  developed  along  fault  zones  of  weakness  in  the  rocks. 
A  few  zones  of  fracture,  whose  displacements  show  a  little  if  any  in 
the  existing  topography,  were  observed,  but  they  are  probably 
much  older,  some  of  them  quite  certainly  being  of  Precambrian  age. 
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Cenozoic  History 

The  major  existing  relief  features  of  the  Lyon  Mountain  quad¬ 
rangle  have  been  produced  chiefly  by  the  dissection  of  the  upraised 
late  Mesozoic  or  early  Cenozoic  (so-called  “  Cretaceous  ”)  peneplain. 
As  a  result  of  the  uplift  the  streams  were  greatly  revived  as  erosive 
agents  and  they  proceeded  to  carve  out  the  channels  and  valleys 
which  we  see  today. 

Late  in  the  Cenozoic  era  the  area  of  the  quadrangle,  in  common 
with  most  of  the  State,  was  deeply  buried  under  the  great  ice  sheet 
of  the  glacial  epoch.  Glacial  striae  show  that  the  general  direction 
of  movement  of  the  ice  was  south  westward  across  the  quadrangle. 
Beyond  the  removal  of  soils,  rotten  rocks  and  many  relatively  loose 
joint  blocks,  there  is  no  evidence  that  the  ice  was  a  very  active  agent 
of  erosion. 

During  the  withdrawal  of  the  ice  the  area  of  the  quadrangle  was 
widely  strewn  with  ground  morainic  material  containing  many 
boulders.  Much  fluvio-glacial  material  was  also  deposited,  especially 
on  the  lower  lands.  A  very  conspicuous  kame  moraine  12  miles  long, 
extending  from  southwest  of  Goldsmith  to  near  Hammond  school, 
was  formed  along  the  margin  of  an  ice  lobe  which  paused  temporarily 
during  its  retreat  from  the  Saranac  valley.  Smaller  kames,  and  at 
least  one  esker,  are  also  known. 

Glacial  lake  waters  formed  at  various  levels  during  the  retreat  of 
the  ice,  especially  in  the  Saranac  valley,  as  shown  by  well-preserved 
delta  sand  plains. 

The  existing  lakes,  especially  Silver,  Upper  Chateaugay  and  Chazy 
lakes,  are  all  postglacial,  their  waters  being  held  up  chiefly  by 
morainic  dams  across  valleys. 

The  gorge  and  waterfalls  at  High  falls  near  Moffltsville  are  also 
postglacial,  the  old  channel  of  the  river  having  been  a  little  farther 
west. 

MAGNETIC  IRON  ORES 

Introduction 

The  locations  of  the  principal  iron  mines  and  prospects  of  the 
quadrangle  are  indicated  on  the  accompanying  geologic  map.  At 
present  the  mining  operations  are  confined  to  the  so-called  “  main 
workings  ”  at  Lyon  Mountain  village  which  form  part  of  a  property 
owned  by  the  Chateaugay  Ore  and  Iron  Company.  This  property 
includes  a  general  belt  of  ore  deposits  reaching  from  the  Standish 
mine  about  2^4  miles  southwest  of  Lyon  Mountain  village,  through 
the  Phillips  ore  body,  the  main  workings,  the  Williams  mine,  and 
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to  the  Parker  mine  about  2]/^  miles  northeast  of  the  village.  All 
except  the  Phillips  ore  body  (not  exposed  at  the  surface)  have  been 
rather  extensively  worked,  the  total  production  of  ore  since  1871 
having  been  probably  about  5,000,000  tons.  These  ores  have  always 
found  a  ready  market  because  of  their  high  grade  Bessemer  quality. 

The  second  most  important  ore  belt  lies  in  the  Saranac  valley, 
extending  nearly  east-west  for  about  6  miles  from  north  of  River- 
view  to  south  of  Redford.  A  number  of  mines  have  been  operated 
within  this  belt,  but  none  for  many  years.  Most  important  are  the 
Tremblay  mines  near  Riverview,  the  Clayburg  mines,  and  the 
Bowen  and  Signor  mines  1  mile  south  of  Redford,  the  last  named 
having  yielded  about  260,000  tons  of  ore.  Several  small  mines  occur 
at  and  near  Russia  station,  and  small  mines  and  prospects  have  been 
opened  at  various  other  localities. 

It  is  the  writer’s  purpose  to  emphasize  only  those  features  of  the 
magnetic  iron  ore  deposits  of  the  quadrangle  which  have  a  direct 
bearing  upon  the  problems  of  the  structure  and  origin  of  the  ores. 
Many  other  data  regarding  the  mines  of  the  district  may  be  found 
in  Newland’s  Geology  of  the  Adirondack  Magnetic  Iron  Ores.1  The 
writer  gratefully  acknowledges  his  indebtedness  to  Mr  Newland  for 
this  valuable  work. 

To  George  Bent,  manager  of  the  Chaeaugay  Ore  and  Iron  Com¬ 
pany,  the  writer  feels  under  special  obligation  not  only  for  being- 
allowed  the  freedom  of  the  mines,  but  also  for  direct  interest  and 
aid  in  the  work. 

Rocks  Associated  with  the  Ores 

At  every  one  of  the  localities  where  magnetic  iron  ore  has  been 
mined,  and  also  at  every  other  place  where  the  writer  observed  mag¬ 
netite  in  considerable  quantities,  the  main  body  of  the  country  rocks 
is  the  Lyon  Mountain  granite.  This  is  true  in  the  face  of  the  fact 
that  the  Hawkeye  granite  is  extensively  developed  and  other  rocks 
are  locally  fairly  well  developed.  The  field  experience  leads  to  the 
conclusion  that  it  would  be  useless  to  look  for  workable  deposits 
of  magnetite  outside  the  areas  of  Lyon  Mountain  granite.  The  as¬ 
sociation  is  so  constant  as  to  strongly  suggest  some  sort  of  genetic 
relationship  between  the  ore  and  the  Lyon  Mountain  granite. 

Without  exception,  pegmatite  or  silexite  or  both  never  fail  to  be 
closely  associated  with  the  magnetite  at  each  of  the  localities  where 
ore  has  been  taken  out.  Also  at  many  other  places,  where  magnetite 
is  more  or  less  concentrated,  pegmatite  or  silexite  was  always  found 


1  N.  Y.  State  Mus.  Bui.  119.  1908.  Especially  p.  23-36  and  p.  105-128. 
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W .  J.  Miller,  photo  1918 
A  specimen  of  injection  gneiss,  that 
is,  hornblende  gneiss  which  has  been 
injected  with  Lyon  Mountain  granite, 
much  of  the  hornblende  having  been 
altered  to  diallage.  From  the  old  Wil¬ 
liams  mine  northeast  of  Lyon  Mountain 
village. 

Plate  gb 


W.  J.  Miller,  photo  1918 
Two  specimens  from  an  outcrop  of  mixed  rocks  by 
the  road  1  mile  west-southwest  of  Clayburg.  Specimen 
on  the  left  is  hornblende  gneiss  (metagabbro)  unaffected 
by  the  granite  (see  slide  26  of  table  1).  Specimen  on 
the  right  is  an  injection  or  assimilation  product,  the 
result  of  incorporation  of  hornblende  gneiss  material  by 
granite  magma  (see  slide  28  of  table  4).  Each  specimen 
3L2  inches  long. 
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as  a  direct  associate.  In  fact  it  may  be  truly  said  that  the  magnetic 
iron  ores  always  occur  in  highly  pegmatized  zones  or  belts  of  the 
Lyon  Mountain  granite.  In  the  opinion  of  the  writer  this  is  a  fact 
of  prime  importance  in  the  consideration  of  the  origin  of  the  ores. 

A  third  type  of  rock  which  is  constantly  associated  with  the  iron 
ore  is  the  old  gabbro  or  hornblende  gneiss  (or  amphibolite),  the  lat¬ 
ter  in  many  cases  having  been  injected  by  granite  and  altered  into  a 
green  monoclinic  pyroxene  (diallage)  gneiss  as  pointed  out  above. 
The  gabbro  or  the  hornblende  (diallage)  gneiss  is  not  always  in  con¬ 
tact  with  the  ore,  but  in  the  immediate  vicinity  of  every  ore  body 
either  gabbro  or  hornblende  (or  pyroxene)  gneiss  always  occurs 
in  the  form  of  lenses,  belts  or  bands,  or  narrow  strips  in  the  granite 
parallel  to  its  foliation.  The  borders  of  such  masses  of  basic  rocks 
are  in  many  cases  more  or  less  injected  or  assimilated  by  the  granite 
or  pegmatite,  and  in  many  other  cases,  as  for  example  in  the  mines 
at  Lyon  Mountain,  the  basic  rocks  have  been  so  thoroughly  cut  to 
pieces  or  injected  by  the  granite  or  pegmatite  as  to  produce  mixed 
rocks.  Individual  bodies  of  such  basic  rock  or  mixed  gneiss  are 
often  large  enough  to  be  represented  on  the  accompanying  geologic 
map. 

The  constant  association  in  so  many  places  of  the  magnetic  iron 
ores  with  Lyon  Mountain  granite,  pegmatite  or  silexite,  and  the  old 
gabbro  or  hornblende  (or  pyroxene)  gneiss  can  scarcely  be  merely 
a  coincidence,  and  the  significance  of  this  association  is  considered 
beyond  in  the  discussion  of  the  origin  of  the  ores. 

Modes  of  Occurrence  and  Structure  of  the  Ore  Deposits 

The  quartz  syenite,  the  Hawkeye  granite,  the  Lyon  Mountain  gran¬ 
ite  away  from  the  dark  gneiss  or  ore  deposits,  and  the  diabase  dikes 
all  contain  about  normal  quantities  of  magnetite  for  such  rocks  and 
there  is  nothing  of  special  interest  concerning  the  mode  of  occur¬ 
rence  of  the  magnetite  in  them. 

In  the  Lyon  Mountain  granite,  where  it  is  the  country  rock  of 
the  ore  deposits,  magnetite  is  almost  invariably  visible  to  the  naked 
eye  in  the  form  of  tiny  scattering  grains  which  constitute  usually 
from  y2  to  3  per  cent  of  the  rock.  These  magnetite  grains  in  thin 
section  under  the  microscope  are  seen  to  vary  from  anhedral  to 
euhedral,  and  they  mostly  or  all  crystallized  during  an  early  stage 
of  the  magma  consolidation.  Close  to  either  the  ore  bodies  or  the 
old  basic  rocks,  the  granite  is  in  many  cases  appreciably  richer  in 
magnetite  probably  due  to  absorption  of  magnetite  into  the  granite 
magma  not  long  before  its  final  consolidation. 


84 


NEW  YORK  STATE  MUSEUM 


In  the  typical  older  gabbro  and  its  hornblende  gneiss  or  am¬ 
phibolite  facies,  where  not  affected  by  the  granite  or  pegmatite,  mag¬ 
netite  grains,  representing  an  early  stage  of  crystallization,  generally 
range  in  amount  from  i  to  io  per  cent.  Where  this  older  gabbro 
or  its  hornblende  gneiss  facies  has  been  more  or  less  injected  or 
assimilated  by  granite  or  pegmatite,  the  per  cent  of  magnetite  is 
generally  higher,  and  in  thin  section  much  of  the  magnetite  is  seen 
to  be  of  distinctly  late  development  because  it  not  only  very  irregu¬ 
larly  occupies  spaces  between  the  other  minerals,  but  also  because 
it  fills  cracks  in  those  minerals  (see  plates  24  and  25).  This  is 
eminently  the  case  in  the  true  injection  or  assimilation  gneisses  in 
which,  as  is  pointed  out  below,  much  of  the  magnetite  of  late  de¬ 
velopment  is  considered  to  have  been  derived  from  the  old  basic 
rocks  chiefly  as  a  product  of  the  transformation  of  the  hyper sthene 
and  hornblende  into  monoclinic  pyroxene  (mostly  diallage). 

What  appear  to  be  true  dikes  of  practically  pure  magnetite  on 
small  scales  have  been  observed  at  a  number  of  places.  The  most 
interesting  one  is  not  in  a  mine  but  occurs  in  a  ledge  of  the  old  gab¬ 
bro  within  a  few  rods  of  the  Lyon  Mountain  granite  1  mile  north¬ 
west  of  Moffltsville.  This  dike,  which  is  to  1  inch  wide,  sharply 
cuts  the  gabbro  for  at  least  15  feet  and  is  roughly  bordered  by  crys¬ 
tals  of  hornblende.  In  and  about  the  mines  of  the  Lyon  Mountain 
quadrangle  a  number  of  small  apparently  true  dikes  of  magnetite 
have  been  noted.  An  excellent  example  is  shown  in  plate  10b,  the 
specimen  having  been  taken  from  the  old  ore  dump  1  mile  northeast 
of  Lyon  Mountain  village.  This  dike,  which  is  2  inches  wide  with 
very  fine  grained  chilled  borders,  lies  in  sharp  contact  with  Lyon 
Mountain  granite  which  is  fine  grained  on  one  side  and  medium 
grained  on  the  other.  The  interior  of  the  dike  is  fine  to  medium 
grained.  Throughout  the  dike  there  are  many  sharply  defined 
elliptical  to  lenslike  masses  of  pink  granite  up  to  three-fourths  of  an 
inch  long  arranged  rudely  parallel  to  the  walls  of  the  dike.  These 
are  either  inclusions  or  products  of  early  crystallization  of  the  dike 
material.  One  rounded  mass  an  inch  across  of  a  granular  mixture 
of  green  monoclinic  pyroxene  and  magnetite  with  not  very  sharp 
boundaries  also  lies  within  the  dike.  It  is  either  an  inclusion  or  a 
segregation  mass.  The  significance  of  the  dikes  of  magnetite  is  con¬ 
sidered  later  in  the  discussion  of  the  origin  of  the  ores. 

The  later  pegmatite  and  silexite,  which  usually  exist  in  the  form 
of  rather  distinct  dikes,  in  many  cases  contain  from  10  to  40  per 
cent  of  magnetite  in  pure  irregular  masses  from  one-half  of  an  inch 
to  several  inches  across.  Fine  illustrations  among  many  others  are 
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the  pegmatite  dikes  on  Elbow  hill  2  miles  east-northeast  of  Lyon 
Mountain  village;  on  the  ridge  1J/2  miles  northeast  of  Standish; 
and  on  a  little  hill  1  mile  east-northeast  of  Goldsmith. 

In  regard  to  the  modes  of  occurrence  of  the  magnetite,  the  ore 
bodies  themselves  are  of  chief  interest.  No  one  word  will  describe 
the  shape  of  the  ore  deposits.  They  are  certainly  neither  true  veins 
nor  beds.  Practically  all  of  them  may,  as  Newland1  says  of  the 
deposits  at  and  near  Lyon  Mountain  village,  “be  described  as  im¬ 
pregnated  zones  in  the  country  rock  of  the  region.”  In  a  broad 
way  the  ore  bodies  may  be  regarded  as  of  sheetlike  or  lenslike  form, 
though  there  are  so  many  local  variations  and  irregularities  that  even 
such  appellations  are  in  some  cases  not  very  appropriate. 

The  ore  zone  or  belt  at  Lyon  Mountain  village  is  definitely  known 
to  be  fully  two-thirds  of  a  mile  long  as  proved  by  the  mine  workings. 
As  stated  by  Newland,  a  belt  nearly  5  miles  long  extending  from 
the  old  Parker  mine  northeast  of  Lyon  Mountain  village,  through 
the  Williams  mine,  the  main  workings  at  the  village,  and  to  the  old 
Standish  mine  southwest  of  the  village,  is  rich  in  ore.  In  fact,  as 
shown  by  magnetic  survey,  it  probably  contains  more  good  ore  than 
any  other  belt  in  the  whole  region  under  discussion  in  this  bulletin. 
The  writer,  however,  does  not  consider  this  Lyon  Mountain  belt  to 
be  a  single  uninterrupted  body  of  ore.  Thus  the  ore  of  the  main 
workings  and  that  of  the  Williams  mine  are  thought  to  represent 
separate  ore  bodies,  firstly,  because  these  two  rich  ore  zones  show 
notably  different  strikes  and,  secondly,  because  the  main  workings 
ore  is  very  low  in  phosphorus,  while  the  Williams  ore  contains  a 
notable  percentage.  Between  these  two  ore  bodies  there  may  be 
local  enrichments  in  one  or  more  zones,  thus  leading  some  to  the 
conclusion  that  the  ore  is  a  perfectly  continuous  body. 

Again,  the  ore  of  the  Standish  mine  and  that  of  the  main  work¬ 
ings  are  clearly  not  on  the  same  strike,  and  a  considerable  body  of 
relatively  barren  rock  lies  between  them.  Newland  has  suggested 
that  these  two  ore  bodies  are  separated  by  a  fault,  but  the  writer 
strongly  inclines  to  the  view  that  they  are  now  and  always  have  been 
separate  because  they  represent  originally  distinctly  different  zones 
of  ore-impregnated  country  rock.  This  latter  view  is  in  harmony 
with  the  hypothesis  of  the  origin  of  the  ore  explained  below.  The 
statements  just  made  regarding  the  ore  bodies  at  and  near  Lyon 
Mountain  village  are  believed  to  illustrate  in  principle  an  important 
feature  of  the  ore  deposits  throughout  the  region  under  considera¬ 
tion. 


1  Newland,  D.  H.  N.  Y.  State  Mus.  Bui.  102.  1906.  p.  91. 
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The  rock  impregnated  with  ore  may  be  the  old  gabbro  or  its  horn¬ 
blende  gneiss  facies,  or  the  Lyon  Mountain  granite,  or  a  pegmatitic 
or  silexitic  facies  of  the  granite,  or  the  mixed  rock  which  has  so 
commonly  resulted  from  the  injection  or  assimilation  of  the  old  gab¬ 
bro  or  hornblende  gneiss  by  the  granite  or  its  pegmatitic  facies.  Of 
these  the  pegmatitic  and  silexitic  facies  of  the  Lyon  Mountain  gran¬ 
ite  furnish  the  richest  ores.  In  and  about  all  of  the  mines  of  the 
whole  district  all  of  these  rock  types  are  so  closely  associated  or 
intricately  involved  as  to  render  it  necessary  to  designate  such  areas 
on  the  geologic  map  as  “mixed  rocks.” 

A  very  persistent  feature  of  the  ore  zones  is  their  parallelism  to 
the  foliation  of  the  country  rocks,  especially  the  Lyon  Mountain 
granite.  That  is  to  say,  the  ore  zones,  belts  of  old  gabbro  or  horn¬ 
blende  (or  pyroxene)  gneiss,  zones  of  injection  or  assimilation  gneiss 
and  the  zones  of  pegmatization  (except  the  latest  pegmatites)  almost 
invariably  show  the  same  strike  and  dip  as  the  inclosing  Lyon  Moun¬ 
tain  granite.  The  only  known  exceptions  are  very  local  ones  within 
or  close  to  the  ore  zones.  This  parallelism  of  ore  zones  and  country 
rock  is  an  important  consideration  in  the  interpretation  of  the  struc¬ 
ture  and  origin  of  the  ore  deposits. 

The  dip  of  the  ore  zones  is  generally  high,  rarely  being  less  than 
40  degrees  and  varying  from  that  to  vertical.  So  far  as  could  be 
determined  the  strikes  of  the  ore  zones,  with  few  exceptions,  vary 
from  straight  to  slightly  curved,  though  within  the  ore  zones  the 
ores  and  associated  rocks  in  some  cases  show  notable  variations  in 
dip  and  strike. 

The  writer  has  not  been  able  to  find  positive  evidence  for  severe 
compression  of  the  region  after  the  intrusion  of  the  Lyon  Mountain 
granite  and  its  pegmatitic  satellites  and  the  deposition  of  the  ore. 
This  view  is  opposed  to  the  one  commonly  held.  The  only  very 
notable  example  of  folding  observed  by  the  writer  is  toward  the 
southwestern  end  of  the  main  workings  at  Lyon  Mountain  village 
where,  as  stated  by  Newland,1  “the  strike  changes  rather  abruptly 
to  east  and  west,  due  to  a  fold,  while  the  dip  swings  around  from 
northwest  to  north  and  becomes  considerably  flatter.  This  change 
is  accompanied  by  crumpling  and  minor  folding  in  the  deposit.” 
According  to  the  writer  even  such  foldings,  which  are  rare,  are 
reasonably  to  be  explained  as  due  to  moderate  differential  pressure 
(probably  shouldering  pressure)  upon  the  granite  magma  and  its 
earlier  developing  pegmatites  before  final  consolidation  of  the  whole 
mass.  Strongly  supporting  this  view  is  the  fact  that  the  latest  peg- 


1  Newland,  D.  H.  N.  Y.  State  Mus.  Bui.  102.  1906.  p.  91. 
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matite  dikes,  which  were  intruded  after  complete  or  nearly  complete 
solidification  of  the  great  body  of  magma  and  development  of  the 
ore  zones,  are  little  or  not  at  all  affected  by  folding.  Minor  folding 
or  crumpling  is  not  common  in  the  district,  and  it  is  nearly  always 
best  shown  where  masses  of  the  old  dark  gneiss  were  badly  cut  to 
pieces  by  the  invading  granite  magma.1 

Another  fact  which  should  be  emphasized  is  the  general  lack  of 
anything  like  sharp  contacts  of  the  ore  bodies  against  the  country 
rock.  In  many  places,  as  Newland2  says,  “stringers  and  dissemina¬ 
tions  of  magnetite  extend  into  the  gneiss  some  distance,  forming 
zones  of  lean  ore  on  either  side  of  the  main  bodies.”  Very  locally, 
within  or  close  to  the  ore  zones,  sharp  contacts  of  bands  of  rich  ore 
against  granite  or  pegmatite  may  be  observed.  Such  occurrences  of 
magnetite  appear  to  be  of  the  nature  of  dikes  (see  descriptions 
above),  in  some  cases  with  inclusions  of  pegmatite  or  granite  in  them 
(see  plate  iob).  Diabase  dikes  sharply  cut  the  ores  at  almost  every 
mining  locality,  but  such  contacts  are  of  no  special  significance  be¬ 
cause  these  dikes  are  much  later  than  the  ore  or  at  any  of  its  other 
associated  rocks. 

Excellent  examples  illustrating  the  main  principles  of  ore  occur¬ 
rences  as  above  mentioned  are  afforded  by  the  main  workings  at 
Lyon  Mountain  village,  the  Standish  mine  and  the  Bowen  and  Sig¬ 
nor  mine  near  Redford.  These  will  now  be  briefly  described. 

The  main  workings  ore  belt  at  Lyon  Mountain  village  really  con¬ 
sists,  at  and  near  the  surface,  of  two  or  possibly  three  rather  dis¬ 
tinctly  separate  sheets  of  ore  which  occupy  different  zones  not  far 
apart  in  the  country  rock.  These  ore  zones  vary  greatly  in  thickness 
from  a  few  feet  to  100  feet  or  more  along  the  strike  at  the  surface 
as  is  well  shown  toward  the  western  end  of  the  main  workings.  At 
the  surface  along  the  line  of  the  main  workings  (two-thircls  of  a 
mile)  the  ore  zones  show  a  slightly  curving  strike  north-northeast 
by  south-southwest,  changing  rather  sharply  at  the  south  to  nearly 
east  and  west.  This  sharp  change  in  strike  appears  to  be  rather 
exceptional  in  the  region  under  discussion.  The  dip  at  the  surface 
varies  from  about  40  degrees  to  60  degrees  to  the  northwest.  The 
no.  4  slope  or  working  has  been  carried  down  over  2000  feet  along 
the  dip  or  slope,  or  over  1000  feet  vertically.  The  dip  changes  from 
about  45  degrees  most  of  the  way  down  to  only  10  degrees  or  less 
at  the  bottom  where  horizontal  drifts  across  the  ore  body  are  sev- 

1  In  this  connection  see  the  writer’s  paper  in  Jour.  Geol.,  v.  24,  1916,  especi¬ 
ally  o.  600-12. 

2  Newland,  D.  H.  N.  Y.  State  Mus.  Bui.  119.  1908.  p.  113. 
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eral  hundred  feet  wide.  Such  wide  drifts  may  be  partly  explained 
as  due  to  diminution  of  dip  of  the  ore  body  there,  but  the  thickness 
of  the  ore  at  the  bottom  of  no.  4  is  certainly  at  least  100  feet  while 
it  is  only  about  20  feet  at  the  surface.  It  may  be,  as  Newland  sug¬ 
gests,  that  the  two  or  three  surface  ore  zones  converge  in  depth. 
It  is  also  possible,  however,  that  the  great  thickness  of  the  ore  at 
the  bottom  of  no.  4  may  simply  represent  a  local  exceptionally  wide 
single  ore  zone.  Anything  like  sharply  defined  walls  of  the  ore 
bodies  in  the  main  workings  are  rare  if  present  at  all.  The  ores 
are  commonly  more  or  less  intricately  involved  with  old  gabbro  or 
hornblende  gneiss  (now  mostly  changed  to  diallage  gneiss),  Lyon 
Mountain  granite,  pegmatites  of  earlier  and  later  generations,  and 
injection  or  assimilation  gneisses.  The  strike  and  dip  of  the  main 
workings  ore  zone  are  perfectly  parallel  to  the  strike  and  dip  of  the 
country  rock  (Lyon  Mountain  granite). 

In  the  old  Standish  or  no.  81  mine  2  miles  southwest  of  Lyon 
Mountain  village,  so  far  as  could  be  observed  in  the  two  drifts,  the 
relation  of  the  ore  to  the  country  rock  is  relatively  simple.  The  ore 
body,  which  has  been  mined  along  its  course  for  about  one-fifth  of  a 
mile,  shows  a  rather  persistent  thickness  of  15  to  20  feet,  with  strike 
north  45  degrees  east  and  dip  practically  vertical.  Both  strike  and 
dip  are  parallel  to  the  foliation  of  the  country  rock  which  is  Lyon 
Mountain  granite.  Gradation  into  the  country  or  wall  rock  generally 
takes  place  within  a  foot.  The  association  of  rocks  with  the  ore 
is  much  as  in  the  main  workings  in  Lyon  Mountain  village. 

In  the  old  Bowen  and  Signor  mine  1  mile  south-southwest  of 
Redford  an  ore  zone  which  strikes  north  60  degrees  east  has  been 
worked  for  about  one-half  of  a  mile  along  its  course.  As  stated 
by  Newland1  “in  1905  the  deposit  was  tested  by  diamond  drilling, 
the  results  of  which  have  shown  that  it  is  irregular  and  pinches  in 
places  to  a  thin  seam.  Of  the  twelve  holes  put  down  along  the 
strike,  ore  was  found  in  all  but  three  and  the  maximum  thickness 
was  22  feet,  which  was  encountered  near  the  central  part  of  the 
old  workings.  On  the  western  end,  the  body  apparently  is  broken 
up  into  several  parallel  bands.  The  dip  estimated  from  the  data 
obtained  in  the  drill  holes  ranges  from  45  degrees  to  65  degrees  east, 
being  steepest  on  the  west.”  A  body  of  lean  ore  6  feet  thick  was 
also  penetrated  by  the  drill.  In  this  mine  all  the  usual  types  of 
rocks  are  closely  associated  with  the  ore,  and  the  dip  and  strike  of 
the  ore  zone  are  parallel  to  the  dip  and  strike  of  the  foliation  of  the 
country  rock  (Lyon  Mountain  granite)  with  which  the  ore  is  not  in 
sharp  contact. 


1  Newland,  D.  H.  N.  Y.  State  Mus.  Bui.  119.  1908.  p.  127. 


GEOLOGY  OF  THE  LYON  MOUNTAIN  QUADRANGLE 


89 


Character  of  the  Ores 

Megascopic  features.  The  most  typical  of  the  common  ores 
like  those  mined  in  the  main  workings  at  Lyon  Mountain  village 
megascopically  consist  largely  of  magnetite,  feldspar  and  quartz. 
Such  ores  usually  exhibit  a  crudely  developed  foliation ;  their  tex¬ 
ture  is  granitoid  to  moderately  porphyritic;  and  they  are  usually 
medium  to  moderately  coarse  grained,  though  they  vary  from  fine 
to  rather  coarse  grained.  In  color  the  feldspar  varies  from  white 
to  light  red.  The  feldspar  and  quartz  are  generally  roughly  about 
equal  in  amount,  but  in  some  cases  the  feldspar  greatly  predominates, 
while  in  other  cases  the  quartz  greatly  predominates  over  the  feld¬ 
spar,  this  latter  being  particularly  true  of  some  of  the  good  ores 
from  the  Standish  mine  and  from  the  Bowen  and  Signor  mine  near 
Redford.  Ores  of  the  very  common  kind  here  described  may  in  fact 
be  regarded  as  pegmatitic  and  silexitic  facies  of  the  Lyon  Moun¬ 
tain  granite  very  rich  in  magnetite.  Ores  of  this  kind  which  are 
mined  at  Lyon  Mountain  village  carry  roughly  about  40  to  50  per 
cent  of  magnetite  corresponding  to  about  30  to  40  per  cent  of  iron. 

Perhaps  the  next  most  common  type  of  ore  is,  in  most  respects, 
similar  to  the  above  but  it  contains  also  grains  or  clusters  of  grains 
of  green  monoclinic  pyroxene  (diallage)  more  or  less  irregularly 
scattered  through  the  mass. 

A  less  common  type  of  ore  is  a  medium  to  moderately  coarse 
granular  mixture  of  magnetite  and  green  monoclinic  pyroxene  (dial¬ 
lage),  the  two  being  very  irregularly  mixed.  Such  ore  exists  in  the 
form  of  crudely  defined  lenses  or  bands  commonly  several  feet  or 
yards  long  and  it  rarely  if  ever  exhibits  foliation.  In  such  masses 
the  relative  amounts  of  magnetite  and  pyroxene  vary  greatly.  In 
some  cases  the  masses  consist  of  practically  pure  granular  diallage, 
a  thin  section  from  the  main  workings  at  Lyon  mountain  showing: 
diallage,  97;  magnetite,  2;  hornblende,  J/2',  quartz,  y2  ;  and  a  very 
little  biotite  and  zircon. 

A  type  of  ore  less  seldom  seen  consists  of  an  irregular,  medium 
to  moderately  coarse,  granular  mixture  of  magnetite  and  hornblende. 
Good  examples  occur  on  the  ore  dump  at  the  Parker  mine  north¬ 
east  of  Lyon  Mountain  village  where  the  ore  also  shows  scattering 
crystals  of  apatite  visible  to  the  naked  eye. 

Richest  of  all  the  ores  are  medium  to  coarse  granular  masses  of 
pure  or  nearly  pure  magnetite.  Small  amounts  of  other  minerals, 
especially  pyroxene  (diallage),  are  likely  to  be  present.  Such  ores, 
though  yery  subordinate  in  amount,  are  not  uncommonly  encountered 
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in  the  mines  at  and  near  Lyon  Mountain  village  and  they  also  occur 
in  other  ore  zones  of  the  region.  They  occur  in  the  form  of  strips, 
bands  or  crude  lenses  always  parallel  to  the  strike  of  both  country 
rock  and  the  general  ore  zone.  They  range  from  a  few  inches 
long  and  a  fraction  of  an  inch  wide  to  some  rods  long  and  several 
feet  wide.  Some  of  these  very  rich  ores  appear  to  be  true  dikes 
with  rather  sharp  contacts,  while  others  not  sharply  separated  from 
the  inclosing  rock  may  be  segregation  masses. 

Still  another  type  of  ore  which  has  been  mined  to  some  extent 
is  the  later  pegmatite  where  it  is  rich  in  magnetite.  In  such  ores 
the  magnetite  generally  exists  in  the  form  of  medium  to  coarse 
granular  bunches  from  a  fraction  of  an  inch  to  several  inches  across. 
Such  magnetite  is  irregularly  scattered  through  the  pegmatite,  in 
many  cases  constituting  from  30  to  60  per  cent  of  the  rock.  In 
addition  to  the  coarse-grained  feldspar  and  quartz,  coarse  green 
pyroxene  or  hornblende  or  both  are  commonly  present,  and  biotite 
is  not  rare.  In  some  cases  the  magnetite  is  mixed  with  little  else 
than  coarse  pink  feldspar.  Ores  of  this  coarse  pegmatite  type  are 
occasionally  seen  mixed  with  the  more  typical  ores  as  they  go  into 
the  crushers  at  Lyon  Mountain. 

In  some  cases  the  injection  or  assimilation  gneisses  where  they 
are  within  or  very  close  to  the  ore  zones  carry  10  to  20  per  cent  of 
magnetite  in  the  form  of  tiny  grains  rather  evenly  scattered  through 
the  mass.  Rocks  of  this  sort  may  be  classed  as  lean  ores. 

Microscopic  features.  Thin  sections  under  the  microscope  not 
only  more  accurately  reveal  the  mineralogical  composition  of  the 
ores,  but  also  they  show  that  the  magnetite  mostly  by  far  belongs 
to  a  late  stage  of  crystallization  of  the  ore  which  contains  it.  This 
has  an  important  bearing  upon  the  genesis  of  the  ore.  A  little 
of  the  magnetite  usually  exists  in  the  form  of  distinct  grains  with 
more  or  less  well  defined  crystal  faces,  but  most  of  it  by  far  either 
very  irregularly  fills  in  between  the  other  minerals,  chiefly  quartz  and 
feldspar,  or  it  fills  cracks  in  the  other  minerals  (see  plates  12  and 
13)  thus  demonstrating  that  the  magnetite  mostly  crystallized  very 
late,  this  being  quite  the  reverse  of  the  normal  order  in  igneous  rocks. 
In  many  cases  there  are  long,  narrow,  irregular,  more  or  less  in¬ 
terrupted  bands  of  granular  magnetite,  in  some  places  cutting  across 
other  minerals,  and  in  other  places  sending  off  dikelike  tongues  into 
the  surrounding  minerals.  Such  streaks  and  tiny  dikes  of  ore  very 
clearly  belong  to  a  late  generation  of  crystallization. 

A  few  descriptions  of  thin  sections  will  serve  to  make  clear  the 
mineral  contents  of  the  typical  ores  and  the  relation  of  the  magnetite 
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to  the  other  minerals.  A  thin  section  of  typical  ore  from  no.  4  shaft 
in  the  main  workings  at  Lyon  Mountain  shows  the  following  min¬ 
eral  percentages:  magnetite,  35;  quartz,  25;  microperthite,  20;  oligo- 
clase,  17;  biotite,  2;  pyrite,  34 ;  zircon,  34  1  epidote,  34 1  and  very 
little  apatite.  The  hand  specimen  contains  somewhat  more  mag¬ 
netite  which  in  the  slide  is  in  most  cases  seen  to  fill  in  between  the 
quartz  and  feldspar  very  irregularly.  In  one  case  it  forms  a  long 
interrupted  band.  It  seldom  shows  anything  like  crystal  faces.  Strain 
shadows  are  strongly  developed  in  the  quartz.  Some  of  the  micro¬ 
perthite  shows  the  shredded  structure  beautifully.  Most  of  the  bio¬ 
tite  is  attached  to  the  magnetite  usually  as  partial  rims.  The  pyrite 
is  always  attached  to  the  magnetite.  The  epidote  nearly  always  forms 
fine  granular  rims  around  magnetite  or  pyrite  with  oligoclase  on  the 
outside  of  the  rims.  Granulation  of  the  ore  is  especially  well  de¬ 
veloped  in  crudely  defined  zones  or  belts. 

Another  thin  section  of  good  ore  from  the  main  workings  at  Lyon 
Mountain  reveals  the  following  mineral  percentages :  magnetite,  30 ; 
quartz,  28 ;  microperthite,  25 ;  oligoclase  to  albite,  8 ;  orthoclase,  3 ; 
microcline,  1;  diallage,  4;  hornblende,  ij4;  pyrite,  34  1  and  zircon, 
34-  The  microperthite  is  wonderfully  well  developed,  and  the  quartz 
nearly  all  shows  strain  shadows  under  crossed  nicols.  Most  of  the 
magnetite  very  irregularly  fills  in  between  other  minerals  and  it  is 
thus  of  late  development  among  the  minerals  of  the  rock.  The  dial¬ 
lage  shows  moderate  pleochroism  from  light  green  to  light  yellowish 
green,  while  the  pleochroism  of  the  hornblende  ranges  from  bluish 
green  to  green  to  yellow. 

A  slide  from  the  best  ore  of  the  Clayburg  mine  on  the  west  bank 
of  the  river  shows  the  following  mineral  percentages :  quartz,  46 ; 
magnetite,  40;  orthoclase,  6;  oligoclase,  4;  green  monoclinic  pyrox¬ 
ene  (diallage),  4;  and  a  few  tiny  prisms  of  zircon.  Strain  shadows 
are  wonderfully  exhibited  by  the  quartz.  The  magnetite  represents 
two  generations,  an  early  shown  by  a  few  grains  with  fairly  good 
crystal  outlines  (some  being  inclusions  in  the  quartz),  and  a  late 
one  shown  by  small  to  large  irregular  masses  filling  in  between  other 
minerals  or  filling  cracks  in  them.  In  some  cases  the  late  magnetite 
contains  inclusions  of  the  other  minerals.  Plate  12b  shows  magnetite 
filling  cracks  in  quartz  and  wedging  it  apart. 

A  thin  section  of  lean  ore  from  the  Bowen  and  Signor  mine  south 
of  Red  ford  gives  the  following  mineral  percentages :  oligoclase,  44 ; 
quartz,  35;  magnetite,  10;  hornblende,  5;  biotite,  3;  microperthite, 
1 14;  titanite,  134 ;  and  very  little  hematite  (stains  and  specks)  and 
zircon.  As  usual  the  quartz  exhibits  good  strain  shadows,  and  the 
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hornblende  pleochroism  ranges  from  bluish  green  to  green  to  yel¬ 
low.  The  magnetite  is  mostly  extremely  irregular  in  shape,  filling 
spaces  between  or  cracks  in  other  minerals.  The  titanite  forms 
narrow  rims  around  some  of  the  grains  of  magnetite. 

A  specimen  of  lean  ore  from  the  Standish  mine  shows  the  follow¬ 
ing  minerals  in  thin  section:  quartz,  54;  oligoclase,  30;  magnetite, 
15;  chlorite,  J4 ;  and  very  little  zircon  and  epidote.  Here  again  the 
quartz  mostly  exhibits  wavy  extinction,  and  the  magnetite  is  clearly 
of  very  late  origin  filling  in  and  around  the  other  minerals. 

Chemical  composition.  I11  January  1919  George  Bent,  manager 
of  the  Chateaugay  Ore  and  Iron  Company,  kindly  furnished  the  fol¬ 
low  chemical  analyses  of  crude  ore  and  concentrates  from  the  main 
workings  at  Lyon  Mountain  village.  Nos.  1  and  2  represent  analyses 
of  typical  crude  ores  and  nos.  3  and  4  represent  analyses  of  con¬ 
centrates. 


No.  1 

No.  2 

No.  3 

No.  4 

FeO3 . 

.  3i-48o 

26.857 

56.970 

60.128 

FeO . 

.  15.810 

13.628 

27.047 

28.850 

MnO . 

.  -II5 

.103 

.111 

.107 

SiO . 

.  33- 160 

36.980 

10.000^ 

6.880 

AlO* . 

.  4-900 

6.240 

1.360 

.900 

CaO . 

.  4 . 960 

5.800 

1.440 

.66c 

MgO . 

.  2.100 

2.491 

.681 

•405 

P2(> . 

.  -043 

.029 

.020 

.023 

S . 

.  -427 

.612 

023 

.022 

TiO . 

.  .  027 

.029 

.841 

.417 

FeO  (gangue) . 

.  2.830 

3.214 

.  129 

-257 

KX) . 

.  i-438 

1-774 

.421 

-494 

NaO . 

.  2.283 

2.152 

.848 

■111 

HO . 

.  .250 

.060 

.080 

.040 

99.823 

99.969 

99.971 

99 . 960 

Iron  (total) . 

.  36.500 

3I-897 

61.015 

64.720 

Iron  (magnetic) . 

.  34-300 

29.398 

60.915 

64-530 

Phosphorus . 

.  . .  .019 

.013 

.009 

.010 

Manganese . 

.  .  089 

.080 

.086 

.083 

Titanium . 

.  .256 

•367 

•504 

.250 

Because  of  the  very  low  content  each  of  sulphur,  phosphorus  and 
titanium,  the  concentrates  are  of  high  grade  Bessemer  quality.  All 
the  titanium  is  probably  contained  in  titanite  which  commonly  occurs 
in  small  quantities  in  the  ores  and  more  abundantly  in  certain  of  the 
closely  associated  rocks. 

Genesis  of  the  Ores  and  Their  Structures 
Statement  of  the  hypothesis.  1  The  constant  association  of 
the  magnetic  iron  ores  with  Lyon  Mountain  granite,  pegmatite,  silex- 
ite  and  the  older  gabbro  and  hornblende  or  pyroxene  gneiss  (the 
last  named  being  probably  mostly  metagabbro),  is  believed  to  be 
very  significant  as  regards  the  origin  of  the  ores. 
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2  The  older  dark  rocks  (gabbro  and  hornblende  gneiss  or  meta- 
gabbro)  were  intruded  and  so  badly  cut  to  pieces  by  the  granite  and 
its  pegmatitic  facies  that  the  granite,  locally  altered  in  composition, 
now  greatly  predominates  as  the  country  rock. 

3  During  the  intrusion  of  the  granite  magma,  and  more  particu¬ 
larly  during  its  long  period  of  crystallization,  gases,  hot  vapors  and 
fluids  (probably  mostly  water)  concentrated  locally  in  residual  por¬ 
tions  of  the  magma  in  thousands  of  places  throughout  the  solidifying 
granite  body.  These  residual  portions  of  the  magma,  highly  charged 
with  gases  or  fluids,  began  to  solidify  to  form  the  pegmatites  and 
silexites  which  are  now  so  abundant  in  many  parts  of  the  great  body 
of  Lyon  Mountain  granite. 

4  Both  pegmatite  and  silexite  began  to  develop,  probably  as  seg¬ 
regation  masses,  while  the  granite  magma  still  possessed  a  very  con¬ 
siderable  degree  of  fluidity,  and  they  continued  to  form,  probably 
both  as  segregation  products  and  as  dikes,  until  the  inclosing  granite 
almost  or  possibly  completely  solidified.  The  earlier  developed  peg¬ 
matite  and  silexite  masses  are  now  in  the  form  of  either  crude  bands 
or  zones  which  mostly  rather  closely  conform  to  the  magmatic  flow- 
structure  foliation  of  the  granite,  or  they  are  in  the  form  of  inclu¬ 
sions,  ranging  from  lenslike  to  very  irregular  shapes,  being  portions 
of  segregations  or  zones  which  were  pulled  apart  by  the  flowing 
magma  and  left  mostly  with  long  axes  parallel  to  the  foliation  of 
the  granite.  The  later  pegmatites  and  silexites  are  more  in  the  form 
of  true  dikes  in  many  cases  with  rather  sharply  defined  walls  and 
in  many  cases  without  sharp  contacts.  They  developed  or  were  in¬ 
truded  during  a  late  stage  of  magma  consolidation  and  probably  in 
part  even  after  complete  solidification  of  the  granite. 

5  The  residual  pegmatitic  and  silexitic  portions  of  the  granite 
magma,  being  very  mobile  on  account  of  their  richness  in  gases  and 
fluids,  and  also  being  under  considerable  pressure  (probably  mostly 
the  shouldering  pressure  of  intrusion),  possessed  a  great  power  to 
diffuse  into  and  more  or  less  intimately  penetrate  the  country  rock 
which  in  the  iron  ore  localities  was  nearly  always  or  wholly  the  old 
gabbro  (usually  foliated)  or  hornblende  gneiss  (probably  also  mostly 
metagabbro).  Incidentally  this  explains  the  fact  that  the  ores  are 
commonly  rather  intimately  involved  with  old  dark  rocks. 

6  The  earlier  formed  residual  pegmatitic  and  silexitic  portions 
of  the  granite  magma,  during  their  penetration  of  the  gabbro  and 
hornblende  gneiss,  took  from  them  into  solution  large  quantities  of 
magnetite  which  thus  in  most  cases  became  concentrated  in  and  near 
those  more  highly  pegmatized  portions  of  the  granite  body  which 
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are  more  or  less  intimately  associated  with  the  old  gabbro  or  horn¬ 
blende  gneiss. 

y  Some  of  the  magnetite  taken  into  solution  by  the  residual  por¬ 
tions  of  the  granite  magma  existed  as  such  in  the  gabbro  and  horn¬ 
blende  gneiss,  but  much  of  it  is  believed  to  have  developed  as  a  prod¬ 
uct  of  the  transformation  of  hornblende  and  hypersthene  into  monoi- 
clinic  pyroxene  (diallage)  due  to  the  influence  of  the  pegmatitic  and 
silexitic  magmatic  solutions.  This  matter  is  more  fully  discussed 
later. 

8  Since  the  general  body  of  granite,  more  especially  its  residual 
or  pegmatitic  portions,  still  possessed  a  considerable  degree  of 
fluidity,  and  since  this  magma,  being  under  pressure,  was  still  sub¬ 
ject  to  differential  flowage,  the  magmatic  solutions  rich  in  magnetite 
were  forced  to  higher  levels,  particularly  in  those  zones  where 
earlier  pegmatites  and  silexites  were  in  varying  stages  of  consolida¬ 
tion  and  the  magmatic  solutions  flowed  in  between  the  already  crys¬ 
tallized  minerals,  chiefly  feldspar  and  quartz,  and  into  cracks  in 
them  and  there  crystallized.  Thus  we  account  for  the  fact  that  much, 
if  not  practically  all,  of  the  magnetite  belongs  to  a  late  generation  of 
crystallization  in  the  ore.  In  this  connection  it  should  be  repeated 
that  the  most  common  kind  of  ore  is  really  a  medium  to  moderately 
coarse  magnetite-rich  pegmatitic  phase  of  the  Lyon  Mountain 
granite. 

9  The  crudely  developed  foliation  of  the  ore  is  readily  accounted 
for  as  having  resulted  from  magmatic  flowage  under  pressure  dur¬ 
ing  the  process  of  crystallization.1 

10  The  very  persistent  parallelism  of  the  strike  and  dip  of  the  ore 
zones  and  their  foliation  to  the  strike  and  dip  of  adjacent  granite  is 
likewise  interpreted  as  due  to  magmatic  flowage  under  pressure. 
That  is,  both  the  granite  and  the  pegmatitic  ore  zone  magmas  were 
subjected  to  the  same  pressure  during  the  process  of  crystallization 
and  the  magmatic  flow-structure  foliation  of  both  granite  and  peg¬ 
matitic  ore  zones  are  therefore  essentially  parallel. 

1 1  The  bands,  strips  or  lenses  of  nearly  pure  magnetite  in  the  ore 
zones  (see  above)  are  probably  a  result  of  local  magmatic  segrega¬ 
tion. 

12  The  medium  to  coarse  granular  masses  of  practically  pure 
green  diallage  (associated  with  some  magnetite)  usually  in  the  form 
of  crudely  defined  lenses  or  bands  (see  above),  and  the  granular 

1  In  a  recent  paper  (Jour.  Geol.  24:  600-12.  1916,  the  writer  has  set  forth 

evidence  in  support  of  the  view  that  much  or  all  of  the  foliation  of  the 
Adirondack  syenite-granite  series  has  resulted  essentially  from  differential 
magmatic  flowage  under  moderate  pressure. 
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masses  of  very  irregularly  intermixed  diallage  and  magnetite  are 
quite  certainly  magmatic  segregation  products  of  rather  late  develop¬ 
ment,  much  or  all  of  such  diallage  having  crystallized  approximately 
simultaneously  with  the  magnetite  as  shown  by  the  general  absence 
of  magmatic  flow-structure  foliation  and  also  by  the  relation  of  the 
diallage  to  the  magnetite.  Thin  sections  of  the  green  diallage  rock 
show  2  to  10  per  cent  of  magnetite  in  the  form  of  specks  and  patches 
scattered  through  and  between  the  crystals  of  diallage. 

13  The  true  dikes  of  practically  pure  magnetite  with  sharp  contacts 
(see  above)  are  probably  the  result  of  very  late  local  intrusions  of 
magmatic  solutions  of  magnetite  into  consolidated  or  almost  wholly 
congealed  rocks. 

14  Sharp  contacts  of  the  ore  zones  or  bodies  against  the  granite 
would  as  a  rule  not  be  expected  because  the  ores  are  in  zones  of  the 
general  body  of  granite  which  became  highly  pegmatized  before 
complete  consolidation  of  the  magma,  and  so  ore  zones  merge  into 
the  granite. 

15  Sharp  contacts  of  the  ore  zones  against  the  old  gabbro  or 
hornblende  (or  pyroxene)  gneiss  would  as  a  rule  not  be  expected 
because  the  borders  of  the  larger  masses  of  the  old  rocks  and  the 
entire  smaller  masses  were, more  or  less  thoroughly  injected  or  as¬ 
similated  and  digested  by  both  the  granite  magma  and  its  pegmatitic 
residues,  particularly  the  latter. 

16  In  those  cases  where  the  Lyon  Mountain  granite,  adjacent  to 
either  the  ore  bodies  or  the  old  dark  rocks,,  contains  considerable 
magnetite  the  latter  was  no  doubt  absorbed  by  or  forced  into  the 
granite  while  it  was  still  to  some  extent  at  least  in  a  magmatic  con¬ 
dition. 

iy  Those  latest  pegmatites  which  are  more  or  less  rich  in  magnetite 
and  which  are  true  dikes  with  rather  sharp  contacts  were  intruded 
into  fissures  in  the  nearly  or  quite  consolidated  granite-pegmatite 
body,  the  magnetite  having  been  absorbed  or  taken  into  solution  by 
the  pegmatitic  fluids  from  iron-rich  rocks  penetrated  by  the  peg¬ 
matites.  The  iron-rich  rocks  are,  therefore,  in  many  cases  not  now 
adjacent  to  such  pegmatite  dikes. 

18  The  development  of  the  magnetite  and  its  concentration  in 
the  ore  bodies  was  a  long  process,  or  rather  series  of  processes,  which 
began  with  the  development  of  early  pegmatites  and  silexites  and  con¬ 
tinued  till  the  late  pegmatite  dikes  were  intruded.  In  other  words, 
the  time  was  nearly  or  quite  as  long  as  that  required  for  the  very 
slow  crystallization  of  the  great  body  of  Lyon  Mountain  granite  and 
its  pegmatitic  facies. 
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19  Finally,  if  the  hypothesis  here  presented  essentially  accounts 
for  the  magnetic  iron  ores  of  the  Lyon  Mountain  quadrangle,  it  is 
certain  that  they  are  not,  as  has  been  generally  held,  products  of 
straight  differentiation  of  a  cooling  granite  magma,  though  locally 
it  is  possible  or  even  probable  that  some  real  magmatic  differentiation 
did  take  place. 

Discussion.  In  the  field  the  evidence  from  many  localities  seems 
conclusive  that  the  rocks  (except  gabbro)  more  or  less  rich  in  a 
diallage  which  is  relatively  poor  in  iron,  developed  only  where  the 
Lyon  Mountain  granite  magma  and  its  pegmatitic  facies  (chiefly  the 
latter)  have  injected  or  assimilated,  or  at  least  more  or  less  inti¬ 
mately  cut,  the  old  gabbro  or  hornblende  gneiss.  The  old  gabbro  and 
metagabbro  always  contain  much  iron-rich  hornblende  and  nearly 
always  considerable  hypersthene  which  is  of  course  an  iron-rich 
pyroxene.  In  some  zones  of  the  injected  or  only  partially  assimi¬ 
lated  rocks  considerable  hornblende  or  hypersthene  remain,  the 
transformation  of  all  the  hornblende  and  hypersthene  not  having  been 
effected.  In  many  cases  hornblende  has  been  recrystallized  into  re¬ 
latively  coarser  crystals  of  hornblende  ranging  up  to  more  than  an 
inch  in  length,  with  no  development  of  monoclinic  pyroxene  and 
magnetite.  Such  recrystallization  appears  to  have  taken  place  where 
either  the  injection  or  assimilation  of  the  old  gabbro  or  metagabbro 
was  not  so  pronounced  or  where  they  were  intruded  by  the  relatively 
late  pegmatitic  fluids  which  were  cooler  and  less  effective  chemically. 
In  any  case,  as  may  be  observed  in  most  of  the  mining  localities, 
many  of  the  late  pegmatites  in  the  form  of  rather  well  defined  dikes, 
even  where  they  cut  the  ore  zones,  are  comparatively  free  from 
magnetite,  while  many  of  them  contain  large  crystals  of  recrystallized 
hornblende. 

Microscopic  examination  of  many  thin  sections  also  makes  it  very 
clear  that  the  green  diallage  has  resulted  from  the  transformation 
of  hornblende  and  hypersthene,  in  some  cases  every  stage  in  the 
transition  being  observable  in  a  single  slide.  Diallage  and  magnetite 
are  commonly  very  closely  associated  in  single  slides  which  may  or 
may  not  also  contain  hornblende  or  hypersthene.  In  some  thin 
sections  which  show  hornblende  partly  recrystallized  into  hornblende 
and  partly  into  diallage  and  magnetite,  the  magnetite  occurs  either 
as  inclusions  in  the  recrystallized  larger  hornblende  crystals  or  filling 
cracks  in  them  or  in  the  pyroxene  (see  plate  13b). 

Chemical  analyses  made  for  the  writer  by  Hazel  Noera,  while  a 
senior  in  Smith  College,  gave  the  following  results.  A  sample  of  the 
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typical  green  granular  diallage  rock  from  a  large  mass  at  the  south¬ 
ern  end  of  the  main  workings  in  Lyon  Mountain  village  contains 
10.86  per  cent  of  Fe2  O31  representing  7.60  per  cent  of  iron.  A 
sample  of  typical  slightly  gneissoid  gabbro  from  the  top  of  Elbow 
hill  contains  11.54  per  cent  of  Fe2  Os,  this  representing  8.08  per  cent 
of  iron.  A  thin  section  of  the  analyzed  green  diallage  rock  contains 
by  volume  percentages,  97 ;  magnetite,  2 ;  hornblende,  y2 ;  quartz, 
y2 ;  and  a  very  little  zircon  and  biotite.  The  diallage  shows  excellent 
cleavages  and  parting,  and  pleochroism  from  light  green  to  yellowish- 
green  and  very  pale  brownish-green.  The  magnetite  is  scattered  all 
through  the  diallage.  A  thin  section  of  green  granular  diallage  rock 
from  a  large  mass  at  the  old  iron  mine  1  mile  east-northeast  of  River- 
view  contains  by  volume:  diallage,  88;  magnetite  scattered  through 
the  diallage,  10 ;  and  quartz  as  inclusions  in  the  diallage,  2.  Neither 
of  these  rocks  exhibits  granulation  or  foliation.  A  thin  section  of  the 
analyzed  gabbro  contains  by  volume :  labradorite,  45 ;  green  horn¬ 
blende,  30;  hypersthene,  21;  magnetite,  3;  biotite,  y2\  pyrite,  %  ; 
and  a  very  little  zircon  and  apatite.  This  specimen  of  gabbro  is 
from  the  interior  of  a  mass  of  the  very  typical  old  gabbro  where  it 
is  unaffected  by  the  granite,  but  the  border  of  the  same  mass  has 
been  distinctly  altered  in  composition  by  the  granite. 

Subtracting  the  iron  of  the  magnetite  (3  per  cent  by  weight)  in 
the  diallage  rock  which  was  analyzed,  the  diallage  itself  really  con¬ 
tains  only  about  5.43  per  cent  of  iron,  corresponding  to  8.16  per  cent 
of  Fe2  03.  In  other  words  it  is  a  green  monoclinic  pyroxene  with  a 
relatively  low  content  of  iron.  It  is  significant  to  note  in  this  con¬ 
nection  that  all  the  diallage  of  the  injection  and  assimilation  gneisses 
above  described,  as  well  as  the  diallage  of  the  iron  ores,  must  con¬ 
tain  similarly  low  contents  of  iron  because  they  are  exactly  the  same 
optically.  Also  it  should  be  borne  in  mind  that  the  analyzed  gabbro 
contains  by  weight:  labradorite,  39;  hornblende,  31;  hypersthene, 
24 ;  magnetite,  5 ;  and  a  little  pyrite  and  biotite.  Thus  practically  all 
the  iron  shown  by  the  analysis  occurs  in  the  three  minerals  hornblende, 
hypersthene  and  magnetite  which  make  up  60  per  cent  of  the  gabbro 
rock.  In  other  words  these  three  minerals  contain  12.93  Per  cent 
of  iron,  corresponding  to  18.48  per  cent  of  Fe2  03.  After  deducting 
the  iron  of  the  magnetite,  the  hornblende  and  hypersthene  are  there¬ 
fore  notably  richer  in  iron  than  the  diallage,  and  much  iron  oxide 
must  have  been  set  free  during  the  process  of  transformation  of  the 
hornblende  and  hypersthene  into  diallage. 

1  In  this  and  the  succeeding  case  the  ferric  oxide  includes  the  total  iron 
content  of  rock. 
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Since  the  transformation  of  the  hornblende  and  hypersthene  into 
cliallage  yielded  relatively  much  magnetite,  and  since  such  large 
bodies  of  injection  and  assimilation  gneisses  rich  in  diallage  thus 
derived  occur  in  and  close  to  all  of  the  ore  zones  of  the  district, 
there  seems  to  be  no  quantitative  difficulty  in  the  way  of  accepting 
this  explanation  for  the  source  of  much  of  the  magnetite  of  the  ore 
bodies.  It  is  significant  to  note  in  this  connection  that  in  the  labora¬ 
tory  “  monoclinic  pyroxene  crystallizes  from  the  liquid  obtained  by 
melting  hornblende.  This  is  generally  accompanied  by  the  separa¬ 
tion  of  magnetite.”1 

Another  feature  of  the  above  hypothesis  which  should  be  enlarged 
upon  is  the  explanation  of  the  origin  of  the  structures  of  the  ore 
bodies  (see  especially  points  9  and  10).  This  is  contrary  to  the  view 
of  Newland  who,  in  harmony  with  certain  other  students  of  Adiron¬ 
dack  geology,  maintains  that  severe  compression  of  the  region  took 
place  after  consolidation  of  the  granite.  Thus  Newland2  says: 

There  can  be  no  doubt  that  the  form  assumed  by  the  ore  bodies 
is  conditioned  by  the  structures  of  the  inclosing  rocks.  When  the 
latter  are  foliated  to  an  extent  that  permits  observations  of  dip  and 
strike,  the  contours  follow  the  changes  closely,  even  the  subordinate 
ones.  .  .  .  The  ores  consequently  must  have  been  deposited 

before  the  great  regional  disturbances  took  place,  or  at  least  before 
the  rocks  received  their  present  structural  arrangement.  They  have 
passed  through  all  the  vicissitudes  of  squeezing,  folding  and  other 
deformations  that  have  been  impressed  upon  their  walls. 

The  writer,  however,  sees  no  necessity  of  invoking  severe  compres¬ 
sion  of  the  region  to  account  for  any  of  the  structural  or  textural 
features  of  the  ore  bodies  and  their  associated  rocks.  Such  features 
are  believed  to  be  more  plausibly  and  simply  explained  on  the  basis 
of  the  hypothesis  set  forth  in  this  bulletin.  Two  bits  of  evidence 
distinctly  opposed  to  the  idea  of  subsequent  severe  compression  of 
the  ore  bodies  may  here  be  mentioned.  Firstly,  the  late  pegmatites 
in  the  form  of  true  dikes  represent  the  latest  phase  of  the  granite 
intrusion  but  where  such  dikes  cut  through  the  rocks  at  various 
angles  they  are  wholly  or  almost  wholly  free  from  any  evidence  of 
ever  having  been  severely  compressed.  Secondly,  the  degree  of 
foliation  varies  exceedingly  within  a  few  feet,  even  in  rocks  of  like 
character.  A  rather  elaborate  argument  against  the  idea  of  severe 
compression  of  the  Adirondack  region  after  intrusion  of  the  syenite- 

Tddings,  J.  P.  Rock  Minerals.  1911.  p.  329. 

2  ISfewland,  D.  H.  N.  H.  State  Mus.  Bub  119.  1908,  p.  27, 
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granite  series  has  been  presented  by  the  writer  in  a  recent  paper.1 
The  writer  does  not,  however,  object  to  the  conception  of  moderate 
pressure  upon  the  granite  magma  during  its  intrusion.2 


1  Miller,  W.  J.  Jour.  Geol.  24:  600-12.  1916. 

2  Since  the  above  was  written  a  paper  on  the  Origin  of  the  Magnetic  Iron 
Ores  has  been  published  by  the  writer  elsewhere  (Econ.  Geol.  1919,  14:509- 
35).  This  theory  has  been  criticized  by  D.  H.  Newland  (Econ.  Geol.  1920, 
15:  177-80),  and  F.  L.  Nason  has  advocated  a  sedimentary  origin  of  the  ores 
(Econ.  Geol.  1922,  17:633-54).  The  papers  by  both  Newland  and  Nason 
have  been  discussed  by  the  present  writer  (Econ.  Geol.  1921,  16:227-33,  and 
Econ.  Geol.  1922,  17:709-13)- 


INDEX 


Alder  brook  lake,  76 
Amphibolite,  11,  51,  64 
Anorthosite,  19 

Aplite,  29;  conclusions  regarding,  44 
Aplite  dikes,  41 

Bibliography,  9 

Birch  hill,  area  of  mixed  rocks,  5 7 
Cenozoic  history,  81 
Chateaugay  lakes,  76 
Chazy  lake,  area  south  of,  50 
Clark  hill,  anorthosite,  21 
Clayburg,  gabbro  area,  14;  exposure 
of  mixed  rocks,  54;  glacial  waters, 
74 

Diabase  dikes,  60 
Dikes,  58 

Disco,  exposures  north  of,  54 
Drainage,  7 

Drainage  changes  due  to  glaciation,  77 
Elbow  hill,  gabbro,  18;  mixed  rocks, 
56 

Erosion,  71 
Erratics,  72 
Eskers,  73 
Exfoliation,  68 
Faults,  66 
Folding,  65 

Foliation  of  the  intrusive  rocks,  63 
Gabbro,  11,  51,  58,  64;  thin  sections, 
I5-,  53 

Gabbro-diorite  dikes,  58 
Gabbro  mixed  rocks,  46 
Geologic  formations,  7 
Glacial  and  postglacial  geology,  68 
Glacial  boulders,  72 
Glacial  deposits,  72 
Goldsmith,  hornblende  gneiss,  16 
Goldsmith  and  Riverview,  areas  be¬ 
tween,  49 
Goldsmith  lake,  76 
Goodrich  mill  waters,  75 
Granite,  58;  thin  sections,  25,  53 
Granite  mixed  rocks,  47,  51 
Granitic  syenite,  23 
Grenville  mixed  rocks,  46 
Grenville  series,  11,  65 
Hawkeye  granite,  24 
Haystack  knob,  metagabbro,  16 
High  bank  waters,  76 
Historical  geology,  77 


Hornblende  gneiss,  thin  sections,  15, 

53 

Ice  age,  69 
Ice  erosion,  71 

Ice  movement,  direction  of,  70 
Indian  point,  mixed  rocks,  58 
Iron  ores,  81 ;  rocks  associated  with, 
82;  modes  of  occurrence  and  struc¬ 
ture,  83;  character  of,  89;  genesis 
of  the  ores  and  their  structures,  92 
Joints,  68 

Junction  kilns,  gabbro  area,  18 
Kames,  73 

Lakes,  7;  extinct,  74;  existing,  76 
Lyon  Mountain  granite,  27 
Lyon  Mountain  village,  gabbro  and 
amphibolite,  18;  gray  gneiss,  57 
Magnetic  iron  ore  mixed  rocks,  58 
Magnetic  iron  ores,  81 
Merrillville  glacial  waters,  74 
Mesozoic  history,  80 
Metagabbro,  11 
Mixed  rocks,  46 

Moffitsville,  biotitic  amphibolite,  17 ; 

exposures  south  of,  55 
Morainic  deposits,  72 
Paleozoic  history,  79 
Paleozoic  strata,  former  presence,  62 
Pegmatite,  29,  58;  earlier,  35;  later, 
38;  conclusions  regarding,  44 
Pleistocene  geology,  68 
Precambrian  history,  77 
Quartz  syenite,  23 

Redford,  exposure  of  mixed  rocks, 

54 

Rhyolitic  dikes,  59 

Silexite,  29;  conclusions  regarding,  44 
Silver  lake,  76 
Standish,  areas  west  of,  50 
Structural  geology,  63 
Syenite,  thin  sections,  25 
Syenite-granite  series,  63,  66 
Teft  pond,  anorthosite,  19 
Tilting,  65 
Topography,  6 
True  brook  areas,  47 
True  brook  waters,  75 
Union  Falls,  mixed  rocks,  52 
Whiteface  anorthosite  mixed  rocks, 
47 

[ioil 


tfiui 


New  York  State  Museum  Bulletin 

Published  by  The  University  of  the  State  ot  New  York 


No.  272  ALBANY,  N.  Y.  August  1926 


New  York  State  Museum 


THE  UTICA  AND  LORRAINE  FORMATIONS 
OF  NEW  YORK 

PART  2  SYSTEMATIC  PALEONTOLOGY 
No.  2  Mollusks,  Crustaceans  and  Eurypterids 


Rudolf 


PAGE 

Preface .  5 

Descriptions  of  fossils .  6 

Pelecypoda.  .  . .  6 

Gastropoda../. . 58 

Cephalopoda .  80 

Trilobita . . .  106 

Ostracoda .  137 

Cirripedia . 145 


PAGE 

Descriptions  of  fossils  —  concluded 


Phyllocarida .  147 

Merostomata . .  1 49 

List  of  species  of  Utica  and  Lor¬ 
raine  formations .  156 

Bibliography .  165 

Explanation  of  plates .  169 

Index .  225 


ALBANY 

THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 

1926 


M2i8r-Ap26-iooo 


THE  UNIVERSITY  OF  THE  STATE  OF  NEW  YORK 


Regents  of  the  University 
With  years  when  terms  expire 

1934  Chester  S.  Lord  M.A.,  LL.D.,  Chancellor  -  -  Brooklyn 

1936  Adelbert  Moot  LL.D.,  Vice  Chancellor  -  -  Buffalo 

1927  Albert  Vander  Veer  M.D.,  M.A.,  Ph.D.,  LL.D.  Albany 

1937  Charles  B.  Alexander  M.A.,  LL.B.,  LL.D., 

Litt.  D.  -------  -----  Tuxedo 

1928  Walter  Guest  Kellogg  B.A.,  LL.D.  -  -  -  Ogdensburg 

1932  James  Byrne  B.A.,  LL.B.,  LL.D.  -  -  -  -  New  York 

1931  Thomas  J.  Mangan  M.A.,  LL.D.  -  -  -  -Binghamton 

1933  William  J.  Wallin  M.A.  -------  Yonkers 

1935  William  Bondy  M.A.,  LL.B.,  Ph.D.,  D.C.L.  -  New  York 

1930  William  P.  Baker  B.L.,  Litt.  D.  -  -  -  -  Syracuse 

1929  Robert  W.  Higbie  M.A.  -------  Jamaica 

1938  Roland  B.  Woodward  B.A.  -  -  -  -  -  -Rochester 

President  of  the  University  and  Commissioner  of  Education 


Frank  P.  Graves  Ph.D.,  Litt.  D.,  L.H.D.,  LL.D. 

Deputy  Commissioner 

Augustus  S.  Downing  M.A.,  Pd.D.,  L.H.D.,  LL.D. 

Counsel 

Ernest  E.  Cole  LL.B. 

Assistant  Commissioner  and  Director  of  Professional  Education 

James  Sullivan  M.A.,  Ph.D. 

Assistant  Commissioner  for  Secondary  Education 

George  M.  Wiley  M.A.,  Pd.D.,  LL.D. 

Assistant  Commissioner  for  Elementary  Education 

J.  Cayce  Morrison  MA.,  Ph.D. 

Director  of  State  Library 

James  I.  Wyer  M.L.S.,  Pd.D. 

Director  of  Science  and  State  Museum 

Charles  C.  Adams  M.S.,  Ph.D.,  D.Sc. 

Directors  of  Divisions 

Administration,  Lloyd  L.  Cheney  B.A. 

Archives  and  History,  Alexander  C.  Flick  M.A.,  Litt.  D.,  Ph.D. 
Attendance, 

Examinations  andTnspections,  Avery  W^  Skinner  B.A.,  Pd.D. 
Finance,  Clark  W.  Halliday 
Law,  Irwin  Esmond  Ph.B.,  LL.B. 

Library  Extension,  Asa  Wynkoop  M.A.,  M.L.S. 

School  Buildings  and  Grounds,  Frank  H.  Wood  M.A. 

Visual  Instruction,  Alfred  W.  Abrams  Ph.B. 

Vocational  and  Extension  Education,  Lewis  A.  Wilson  D.Sc. 


N e w  Y ork  State  Museum  Bulletin 

Published  by  The  University  of  the  State  of  New  York 

No.  272  ALBANY,  N.  Y.  August  1926 


New  York  State  Museum 

THE  UTICA  AND  LORRAINE  FORMATIONS 
OF  NEW  YORK 

PART  2  SYSTEMATIC  PALEONTOLOGY 

No.  2  Mollusks,  Crustaceans  and  Eurypterids 

BY 

Rudolf  Ruedemann 

PREFACE 

The  first  instalment  of  the  monograph  of  the  Utica  and  Lorraine 
formations  of  New  York,  dealing  with  the  stratigraphy  was  printed 
as  New  York  State  Museum  Bulletin  258  (1925);  the  second  contain¬ 
ing  the  first  part  of  the  systematic  paleontology  (plants,  sponges, 
corals,  graptolites,  crinoids,  worms,  bryozoans  and  brachiopods)  as 
Bulletin  262  (1925).  The  present  instalment  closes  the  work  by 
furnishing  the  descriptions  of  the  mollusks,  crustaceans  and 
eurypterids. 

Owing  to  the  necessity  of  reducing  the  cost  of  printing  as  far  as 
possible,  forms  that  have  been  described  and  figured  before  in  state 
publications,  have  been  refigured  only  when  it  was  thought  that  new 
characters  could  be  shown.  The  reader  is  directed  for  descriptions 
of  these  forms,  among  them  the  most  common  species  of  the  Utica 
and  Lorraine,  to  volume  1  of  the  Palaeontology  of  New  York.  A 
very  full  account,  with  excellent  new  photographs  and  copies  of  older 
figures,  of  many  of  our  Lorraine  forms  is  found  in  A.  F.  Foerste’s 
Upper  Ordovician  Faunas  of  Ontario  and  Quebec.  (Memoir  138  of 
the  Geological  Survey  of  Canada,  1924). 

A  small  number  of  lamellibranchs  of  the  New  York  Lorraine, 
which  were  cited  in  the  fossil  lists  of  part  1  had  to  be  omitted  because 
the  specimens,  descriptions  and  figures  were  not  available  when  this 
last  instalment  went  to  press.  They  are  cited  as  manuscript  names 
in  the  final  list  on  p.  160  and  16 1  and  will  have  to  stand  as  nomina 
nuda  until  it  will  be  possible  to  publish  them. 
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Phylum  Mollusca 
Class  Pelecypoda 
Order  Prionodesmacea 
Family  Grammysiidae  Fischer 
Genus  Cuneamya  Hall  and  Whitfield 

Cuneamya  subquadrangularis  nov. 

Plate  I,  figures  i  and  2 

Description.  Shell  of  medium  size,  of  subquadrangular  outline, 
slightly  elongate,  the  anterior  and  posterior  ends  of  nearly  equal 
length  and  the  margins  subparallel;  and  likewise  the  cardinal  and 
ventral  margins  of  subequal  length  and  approximately  parallel. 
Beaks  prominent,  nearly  terminal,  strongly  incurved.  Anterior 
end  nearly  vertical  in  upper  part,  truncate  in  lower  part.  Basal 
margin  gently  convex;  posterior  margin  nearly  straight  and  vertical, 
postero-cardinal  angle  rounded,  continued  into  the  convex  cardinal 
margin.  Posterior  umbonal  ridge  little  prominent,  type,  however, 
somewhat  crushed  and  not  conclusive  as  to  this  character.  Cardinal 
slope  gently  convex,  a  narrow,  slightly  curved  anterior  umbonal 
ridge,  extends  from  the  umbo  toward  the  anteroventnal  margin. 
Surface  marked  by  about  twelve  strong,  nearly  equal,  concentric 
undulations  or  ridges,  which  are  strongest  on  the  anterior  ridge 
and  median  sulcus  and  become  obsolete  toward  the  posterior  margin 
and  on  the  cardinal  slope.  Upon  and  between  these  undulations 
there  are  fine  growth-lines  which  become  especially  distinct  towards 
the  anterior  margin,  where  the  undulations  appear  as  bunched 
growth-lines.  The  anterior  umbonal  ridge  and  the  sulcus  are  also 
marked  by  very  delicate,  straight  to  wavy,  vertical  lines,  that  are 
only  visible  with  a  strong  lens  and  so  fine,  that  eight  are  counted  in 
the  space  of  1  mm. 

Hinge  and  muscular  impressions,  as  well  as  the  escutcheon  and 
the  lunule  are  not  seen  in  the  specimen. 

Measurements.  Length  of  specimen  28  mm;  greatest  height 
at  front  17  mm;  height  in  middle  17  mm. 

Horizon  and  locality.  Dark  gray  argillaceous  shale,  top  of  Utica, 
at  Holland  Patent,  N.  Y. 

Remarks.  This  species  is  based  on  a  single  specimen  in  the 
United  States  National  Museum  (no.  34,473).  It  is  interesting  as 
the  single  representative  of  the  genus  Cuneamya  in  the  Utica  shale. 
It  is  similar  in  outline  to  the  Lorraine  form  C .  s  c  a  p  h  a 
b  r  e  v  i  o  r  Foerste,  but  differs  in  being  relatively  higher  and 
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shorter  and  having  straighter,  less  oblique  anterior  and  posterior 
ends.  In  the  forward  position  of  the  umbo  and  the  vertical  anterior 
end  the  species  agrees  with  the  western  Galena  form  C  .  trun- 
c  a  t  u  1  a  Ulrich  which,  however,  is  more  elongate  and  has  a  subalate 
postero-cardinal  region.  Still  nearer  to  our  species  is  the  form  from 
the  Trenton  of  New  Jersy  identified  by  Weller  (1903,  plate  11,  figure 
6)  with  C.  truncatula.  The  concentric  undulations  are 
stronger  and  more  closely  arranged  in  our  specimen  than  in  trun¬ 
catula  but  agree  with  those  ofC.  oblonga  Ulrich,  another 
Galena  form,  with  which  C.  subquadr  angular  is  has 
also  the  subvertical,  nearly  straight  posterior  end  in  common.  In 
general,  it  thus  seems  that  the  Utica  species  forms  a  transition 
between  characters  of  the  earlier  C.  truncatula  and  C  . 
oblonga  on  one  side,  and  the  later  C.  scapha  brevior 
on  the  other,  being,  however,  shorter  and  higher  than  any  of  them. 

Cuneamya  sp.  aff.  neglecta  (Meek) 

Plate  1,  figures  3  and  4 

Grammysia  neglecta  Hall  and  Whitfield  Geol.  Surv.,  Ohio,  Pal.  2 , 
1875,  p.  91,  pi.  2,  fig.  11 

Shell  obliquely  ovate  longitudinally,  the  lower  posterior  angle 
rounding  more  rapidly  than  any  other  part  of  its  outline.  Beaks 
large  and  ventricose,  arching  upward  and  forward  so  as  to  produce 
a  nearly  vertical  outline  along  the  anterior  face  of  the  shell.  Posterior 
to  the  beak  the  cardinal  and  ventral  margins  approach  each  other 
at  a  moderate  rate.  Posterior  end  of  hinge-line  merging  gradually 
into  upper  posterior  outline,  forming  an  angle  of  about  50  degrees 
with  the  latter  (Foerste  1925). 

The  State  Museum  contains  a  small  series  of  slabs  of  black  shale 
which  are  filled  with  a  small  Cuneamya,  that  according  to  Doctor 
Ulrich  are  near  to  neglecta  (Meek).  The  slabs  come  from  the 
Whetstone  Gulf  shale  at  Rodman,  Jefferson  county,  N.  Y.,  abou 
6  miles  north  of  Lorraine  village.  The  fossil  was  labeled 
“Modiolopsis  sinuata  Emmons  ”  and  one  of  them  (see 
plate  1,  figure  3)  proved  to  be  the  original  of  Hall’s  third  figure 
(plate  82 ,  figure  3c)  of  his  Modiolopsis  anodontoides 
(M .  sinuata  Emmons).  The  specimens  are  associated 
with  Pholidops  cincinnatiensis  and  Triarthrus 
e  a  t  o  n  i . 

The  specimen  which  Hall  figured,  like  most  of  those  in  the  shale 
is  much  flattened  and  at  the  same  time  compressed  vertically  or 


8 


NEW  YORK  STATE  MUSEUM 


foreshortened  near  the  basal  margin,  making  the  valves  appear  too 
elongate.  Other  specimens  are  less  compressed  and  show  more  of 
the  original  ventricose  nature  of  the  umbonal  region.  The  anterior 
end  is  very  short  and  broadly  rounded,  the  posterior  margin  very 
oblique  in  the  upper  part  and  rather  sharply  bent  at  the  postero¬ 
basal  angle.  The  lunule  is  small.  Hinge  and  muscle-scars  have 
not  been  observed  in  our  material.  Hall’s  originals  are  12  mm 
long;  their  height  is  not  measurable;  the  other  specimen  figured 
has  a  height  of  8.3  mm;  its  thickness  is  2  mm. 

The  concentric  striae  or  narrow  undulations  are  very  distinct 
anteriorly,  but  become  less  distinct  posteriorly  of  the  umbonal 
ridge  and  in  some  specimens  disappear  almost  entirely  near  the 
cardinal  margin,  similarly  as  in  C.  scapha-brevior.  They 
number  about  seven  in  2  mm  on  the  middle  of  the  umbonal 
ridge.  Sometimes  the  undulations  break  up  into  bundles  of  growth¬ 
lines. 

Specimens  bearing  the  character  of  this  species  occur  also  in  a  dark 
gray  to  black  shale  of  the  lower  Whetstone  Gulf  formation  north  of 
Rome,  (Rust  collection,  Museum  number  R1232)  that  is  filled  with 
Triarthrus  eatoni,  Cryptolithus  bellulus  and 
Dalmanella  multisecta. 

Another  form  of  Cuneamya  with  coarser  ribs,  that  also  is  very 
similar  to  C.  neglecta,  has  been  found  by  the  writer  at  Worth- 
ville  (station  22  a)  and  is  here  reproduced  in  plate  1,  figure  4, 

Cuneamya  elliptica  Miller 

Plate  1,  figure  5 

Cuneamya  elliptica  Miller.  Jour.  Cincinnati  Soc.  Nat.  Hist.,  4, 
1881,  p.  317,  pi.  8,  figs.  3,  3a 

Shell  longitudinally  elliptical  in  outline  except  at  the  beak  which 
projects  diagonally  upward  and  forward  like  in  other  species  of  the 
genus.  Anterior  margin  projects  in  front  of  the  beak  sufficiently 
to  produce  a  concave  outline  along  the  lunule,  sloping  downward 
and  forward  at  about  6  5  degrees  with  the  hinge-line.  Shell  ventricose 
along  the  umbonal  ridge.  The  ridge  becomes  broadly  rounded 
posteriorly,  merging  into  the  general  convexity  of  the  shell.  A 
faint  mesial  sulcus  extends  downward  and  backward  from  beak  at 
75  degrees  with  hinge-line  (Foerste,  1925). 

This  species  was  originally  described  from  the  McMillan  member 
of  the  Maysville,  Cincinnati,  Ohio.  Foerste  (1925,  p.  133)  has 
found  “  a  specimen  somewhat  similar  in  outline  in  the  Pulaski  mem- 
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ber  of  the  Lorraine  formation,  at  Pulaski,  New  York,”  and  Ulrich 
has  identified  a  smaller  specimen  from  the  base  of  the  Pulaski  (Worth- 
ville,  station  22 a  of  the  Lorraine  gorge  section)  with  Miller’s  species. 

Cuneamya  scapha  Hall  and  Whitfield 

cf.  mut.  brevier  Foerste 
Plate  1,  figures  6  and  7 

Foerste  (1914,  p.  307)  has  described  and  figured  as  Cuneamya 
scapha-brevior  an  earlier  mutation  of  the  Richmond  species 
C  .  scapha  Hall  and  Whitfield,  from  the  Pulaski  beds  of  the 
province  of  Quebec.  More  recently  (1916,  p.  6-7)  he  has  also  cited 
this  fossil  from  the  outcrops  in  the  village  of  Lorraine,  along  the 
road  between  Lorraine  and  Worthville,  and  at  Worth ville.1 

These  occurrences  have  been  verified  by  the  writer  and  the  form 
also  observed  as  a  not  uncommon  fossil  at  station  22 a,  Lorraine 
gorge  and  in  the  lower  Whetstone  Gulf  formation  north  of  Rome 
(Russ  collection  R  1232).  This  species  or  a  very  closely  related 
type  would  thus  seem  to  occur  rarely  in  the  Whetstone  Gulf  forma¬ 
tion  but  principally  in  the  basal  zone  of  the  Pulaski. 

Foerste  has  furnished  the  following  description  of  its  characters: 

Shell  closely  related  to  Cuneamya  scapha,  but  relatively 
shorter,  and  hence  with  a  less  inclined  umbonal  ridge  and  mesial 
sulcus.  The  angle  between  the  umbonal  ridge  and  the  hinge-line 
is  approximately  45  to  50  degrees,  the  median  part  of  the  mesial 
sulcus  forming  an  angle  of  about  70  degrees.  The  mesial  sulcus  has 
a  width  of  about  1 5  mm  near  the  basal  margin,  and  is  distinct  even 
close  to  the  beak,  although  this  may  be  only  an  individual  character¬ 
istic.  The  beak  is  broader  and  far  less  acute  than  is  indicated  in  the 
figure  of  the  type  presented  in  the  second  volume  of  the  Paleontology 
of  Ohio.  The  anterior  outline,  however,  is  closely  similar.  The 
umbonal  ridge  is  rounded,  not  angular,  and  the  posterior  margin  is 
more  evenly  rounded  posteriorly.  Concentric  striae  or  low  narrow 
undulations  fairly  distinct  anteriorly,  becoming  fainter  along  the 
umbonal  ridge  and  on  the  cardinal  slope. 

Length  32  mm;  height  at  posterior  end  18  mm;  height  at  beak  20 
mm ;  extension  of  shell  anterior  to  beak  3  or  4  mm ;  length  of  lunule 
about  7  or  8  mm. 

The  concentric  undulations  upon  the  umbonal  ridge  are  a  very 
prominent  and  characteristic  feature  of  the  shale  specimens,  and 
where  the  sculpture  is  especially  well  preserved,  extremely  fine  but 


1  Not  mentioned  in  last  publication  (1925,  p.  132)  and  probably  considered  a 
distinct  species. 
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sharp  radiating  striae  are  seen  passing  over  the  corrugations.  They 
are  especially  distinct  upon  the  smooth  posterior  part,  but  so  small 
that  they  number  twelve  in  i  mm  and  are  barley  visible  with  a 
trong  lens. 

Superfamily  Nuculacea 
Family  Ctenodontidae  Dali 
Genus  Ctenodonta  Salter 
Ctenodonta  nuculiformis  (Hall) 

Ctenodonta  nuculiformis  has  been  described  and 
figured  by  Hall  (1847,  p.  298)  as  Modiolopsis  nuculi¬ 
formis.  As  localities  are  cited  the  Utica  slate  at  Turin;  that  in 
Montgomery  county  and  the  “  glazed  and  partially  metamorphic 
slates  of  Waterford,  Saratoga  county.  ’  ’  As  the  shales  in  Montgomery 
county  are  all,  or  nearly  all,  Canajoharie  shale  of  Trenton  age, 
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Figure  1  Ctenodonta  nuculiformis  (Hall).  Outline-drawing  by- 
camera  of  Hall’s  type,  x  4.5.  Figure  2  Side  view  of  same  (free  hand 
drawing.) 

the  American  Museum  of  Natural  History)  and  it  is  therefore 
necessary  to  restrict  the  species  to  this  form. 

The  type,  now  before  me,  consists  of  the  exterior  casts  of  the  two 
valves  expanded.  The  valves  are  still  imbedded  in  the  shale  and 
partly  covered  by  the  matrix  along  the  basal  margins.  They  are 
9  mm  long  and  5  mm  high  below  the  beak,  but  probably  measure 
1  mm  more  in  height.  The  “  shallow  sinus  ”,  (mesial  sulcus)  men- 
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cioned  in  the  description  and  strongly  emphasized  in  the  figure,  is 
extremely  faint  and  narrow  and  the  valves  on  the  contrary  very 
evenly  convex.  It  appears  that  Hall  was  misled  to  this  statement  by 
his  habit  of  frequently  drawing  up  the  descriptions  from  the  figures. 

The  anterior  margin  is  well  rounded,  the  cardinal  margin  straight 
for  about  half  the  length  of  the  valve,  the  posterior  margin  oblique 
and  more  sharply  turned  at  the  postero-basal  angle ;  the  basal  margin 
is  fairly  convex,  judging  from  the  growth-lines.  The  beak  is  slightly 
projecting  (as  far  as  exposed)  and  somewhat  prominent,  the  umbonal 
ridge  merged  into  the  general  surface.  The  valves  are  evenly  convex 
along  the  dorso-ventral  line,  exposing  a  thickness  of  about  i  mm. 
No  hinge-teeth  are  observable.  The  anterior  adductor  muscle-scar 
is  noticeable  in  one  valve.  It  is  rather  large  and  directly  adjacent 
to  the  frontal  margin.  Posteriorly  of  it,  there  is  in  both  valves 
a  faint  perpendicular  depression  suggestive  of  a  weak  clavicle.  The 
surface  shows  but  traces  of  growth-lines  near  the  basal  margin,  but 
instead  of  them  about  five  broad  flat  concentric  varices. 

The  appended  outline  has  been  drawn  with  the  camera  lucida  from 
the  type,  and  the  covered  part  is  suggested  by  a  dotted  line. 

The  species  is,  in  our  view,  not  in  danger  of  being  confused  with 
any  of  the  Eden  species  here  cited  and  described,  but  approaches 
more  closely  to  the  Trenton  species  C  .  1  e  v  a  t  a  Hall,  which  is 
also  represented  in  the  Snake  Hill  beds  and  to  which  probably  the 
specimens  from  Waterford  and  Montgomery  county  belong  that 
Hall  referred  to  nuculiformis.  C.  levata  is  a  somewhat 
higher  form  with  more  projecting  beak. 

Ctenodonta  pectunculoides  (Hall) 

Plate  i,  figures  8-12 

Hall,  in  the  Twenty-fourth  Report  of  the  New  York  State  Cabinet 
(1872,  p.  228),  describes  this  species,  from  a  Cincinnati  specimen,  as 
Tellinomya  pectunculoides,  giving  only  an  interior 
view  and  stating  that  the  surface  characters  were  not  observed.  Hall 
and  Whitfield  (1875,  p.  81,  plate  1,  figure  24)  reproduced  the  original 
figure  and  stated  that  they  had  only  exfoliated  specimens  before 
them,  that  these  however  preserve  the  shell  sufficiently  to  show  that 
the  surface  was  generally  smooth  and  destitute  of  any  markings  of 
any  kind. 

Foerste  (1925,  p.  137)  has  briefly  described  this  species  as  follows: 

Outline  nearly  circular,  slightly  straightened  along  the  hinge-line, 
posterior  to  the  beak.  Height  slightly  shorter  than  length,  in  ratio 
of  9  to  10.  Hinge-area  of  uniform  width  along  its  entire  course, 
with  about  thirty  short  teeth.  Size  small. 
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The  species  was  originally  described  from  the  “  Hudson  River 
beds  ”  of  Cincinnati  and  according  to  Bassler’s  Index,  ranges  from 
the  Eden  to  the  Maysville  at  Cincinnati  and  vicinity.  It  was  also 
cited  from  Quebec  by  O’Neill  (1914,)  but  Foerste  (1916,  p.  48) 
considers  the  form  cited  there  as  probably  his  C  .  lor- 
rainensis.  The  dark  gray  shale  and  sandstone  of  stations 
9,  10,  11  of  the  Whetstone  gulf  section  were  found  to  contain  this 
species  as  a  common  fossil,  often  finely  preserved  with  its  surface 
characters,  some  of  the  specimens  having  been  identified  by  Doctor 
Ulrich  as  being  identical  with  the  Cincinnati  form. 

These  specimens  are  about  7  mm  long  and  6  mm  high,  and  rather 
evenly  convex,  the  only  abrupt  slopes  being  found  along  the  cardinal 
and  behind  the  anterior  margin.  The  thickness  of  one  valve  amounts 
to  about  1  mm.  The  anterior,  basal  and  posterior  margins  are 
evenly  rounded,  giving  the  shell  a  subcircular  outline;  the  cardinal 
margin  is  broadly  arcuate.  The  beak  is  very  small,  somewhat  promi¬ 
nent  and  not  projecting,  situated  very  far  forward  (about  one-eighth 
the  length  of  the  shell  behind  the  anterior  margin) .  The  hinge  is  as 
described  by  Hall.  The  surface  is  furnished  with  very  uniformly 
spaced  and  very  fine  filiform  growth-lines  with  smooth  interspaces, 
except  on  the  cardinal  slope  where  traces  of  short  radial  lines  are 
seen.  The  concentric  lines  number  eight  in  the  space  of  2  mm. 

This  pretty  shell  occurs  in  the  Whetstone  gulf  in  beds  that  belong 
to  the  top  of  zone  I  and  the  base  of  zone  II,  or  in  beds  that  correspond 
approximately  to  the  upper  Economy  and  lower  Southgate  horizons 
of  the  Eden  at  Cincinnati. 

Ctenodonta  lorrainensis  Foerste 

Doctor  Foerste  (1925,  p.  137)  describes  this  species  as  follows: 

Shell  small,  rotund  in  outline,  length  and  width  about  9  mm,  a 
slight  tendency  toward  angulation  at  the  posterior  extremity,  owing 
to  a  straightening  of  the  posterior  part  of  the  arcuate  hinge-line,  as 
in  Ctenodonta  pectunculoides  Hall,  from  the  Mount 
Hope  and  Fairmount  beds  of  the  Maysville  division  of  the  Cincin¬ 
natian,  Cincinnati,  Ohio.  In  the  latter  species,  however,  the  tend¬ 
ency  is  toward  a  greater  length  than  height  of  the  valves,  whereas 
Ctenodonta  lorrainensis  tends  toward  a  slightly  greater 
height  than  width.  This  results  in  a  less  angulate  posterior  outline. 
Furthermore,  the  height  of  the  hinge  area,  as  compared  with  the  rest 
of  the  shell,  is  less.  Surface  with  very  fine  concentric  striae,  readily 
seen  only  under  lens. 

The  species  was  originally  reported  by  its  author  as  occurring  at 
the  eastern  edge  of  Lorraine  village  and  to  be  still  more  abundant 
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2  miles  west  "  of -  Worth ville.  Later  (1916,  p.  231)  it  was  ^recorded 
by  the  same  authority  from  the  Nicolet  river  section,  Riviere  des 
Hurons  and  Chambly  in  Quebec,  as  well  as  Hawthorne  in  Ontario 
East,  apparently  everywhere  in  beds  of  Pulaski  age.  In  the  Lorraine 
section  we  have  found  the  species  at  stations  17,  where  it  is  very 
common,  20,  22 a,  25  and  276.  It  thus  ranges  rather  well  throughout 
the  Pulaski  beds  and  also  occurs  in  the  upper  Whetstone  Gulf  forma¬ 
tion  (zone  III,  corresponding  to  the  upper  Southgate  member). 
It  is  absent  in  the  last  zone  of  the  Pulaski  (zone  VIII).  Fine  speci¬ 
mens  are  also  occasionally  seen  in  the  rusty  weathering  calcareous 
sandstone  blocks  of  the  Lorraine  drift  material. 
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Figure  3  Ctenodontalorrainensis  Foerste.  Cast  of 
interior  of  right  valve,  x  3.  (From  Foerste.) 

Figures  4,  5  Ctenodonta  borealis  Foerste.  Holotype, 
cast  of  interior  of  right  valve;  natural  size  and  x  3.  (From 
Foerste.) 

We  have  figured  several  specimens,  mainly  to  show  the  character 
of  the  hinge,  which  is  strongly  arcuate,  and  shows  the  same  number 
of  teeth  as  C.  pectunculoides.  The  muscular-scars  are 
similarly  placed  and  sized  as  in  the  latter  species,  and  the  average 
size  of  both  species  is  nearly  equal. 

Doctor  Ulrich  informs  me  that  C.  lorrainensis  is  identical 
with  the  higher  of  the  two  forms  currently  identified  with  C. 
pectunculoides,  and  that  it  is  as  yet  undetermined  which 
is  the  true  pectunculoides. 

Ctenedonta  borealis  Foerste 

Ctenodonta  lorrainensis  (pars.)  Foerste,  Bull.  Sci.  Lab.  Denison 
Univ.,  17,  1914,  p.  305,  pi.  3,  fig.  8B  (not  8A). 

Ctenodonta  borealis  Foerste.  Mem.  138,  Geol.  Surv.  Canada,  1924, 
p.  137,  pi.  31,  fig.  9;  pi.  38,  fig.  4. 

Doctor  Foerste  has  recently  separated  from  his  species  C.  lor¬ 
rainensis  a  specimen  from  the  Lorraine  near  Worthville,  New 
York,  formerly  identified  with  that  species,  but  distinguished  from 
it  by  being  “  broader,  more  circular,  the  hinge  (is)  much  broader, 
and  teeth  distinctly  fewer.” 
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Ctenodonta  pulchella  (Hall) 

This  species,  as  Lyrodesma  pulchella,  is  described  and 
figured  by  Hall  (1847,  p.  302)  as  a  “  Hudson  River  ”  fossil  from 
the  “  black  slate  near  Watertown  ”  and  the  “  metamorphosed  ” 
slate  near  Waterford.  The  former  is  interbedded  with  the  limestone 
(at  the  base  of  the  Trenton  section)  (Foerste,  1914,  p.  305),  the 
latter  of  Snake  Hill  age  (Ruedemann,  1912,  p.  104).  Ctenodonta 
pulchella  is  thus  no  Lorraine  species. 

Ctenodonta  filistriata  Ulrich. 

Plate  1,  figures  13  and  14 

A  form  that  before  was  generally  identified  with  Hall’s  N  u  c  u  1  a 
or  Tellinomya  levata,  has  been  distinguished  by  Ulrich 
in  the  Minnesota  Report  (1897,  p.  599),  as  Ctenodonta 
filistriata.  It  is  described  by  Foerste  (1925,  p.  134)  as 
follows : 

Outline  subrhomboidal  ovate.  Maximum  curvature  of  the  ventral 
outline  directly  beneath  the  beaks,  posterior  to  this  the  ventral 
outline  tends  to  straighten  slightly  and  to  rise  at  an  angle  of  13  to 
15  degrees.  Umbonal  ridge  fairly  distinct,  and  outline  of  the  shell 
along  the  lower  posterior  angle  rather  narrowly  rounded.  Posterior 
margin  only  gently  rounded  and  forming  an  angle  of  50  to  65  degrees 
with  the  hinge-line.  On  casts  of  the  interior  of  the  valves,  the  beaks 
are  relatively  prominent  and  narrow. 

The  species  is  thus  far  known  from  the  Eden  at  Covington,  Ken¬ 
tucky  (Bassler,  1915,  p.  304)  and  Foerste  (1916,  p.  231)  has  also 
identified,  tentatively,  specimens  from  the  Nicolet  River  section  in 
Quebec  and  Manitoulin  Island  with  the  Ohio  form.1  In  the  New  York 
sections  C.  filistriata  was  collected  at  stations  6,  7,  11,  12, 
13  and  14  of  the  Lorraine  gulf  section;  station  5  of  the  Whetstone 
gulf  section;  stations  9,  10,  12  and  15  of  the  Mill  creek  section; 
station  11  and  12  of  the  Moose  creek  section;  and  stations  1,  2,  3, 
4  and  7  of  the  Wood  creek  section.  A  great  number  of  well-pre¬ 
served  specimens  in  black  shale  were  also  found  in  the  Rust  collec¬ 
tion  (collected  by  Valiant  near  Rome)  in  the  State  Museum,  and 
the  United  States  National  Museum.  The  species  is  thus  a  common 
member  of  the  Whetstone  Gulf  faunas  and  ranges  throughout  the 
greater  part  of  the  formation,  being  most  common  in  the  lower 

1  It  has  since  also  been  identified  by  Miss  Stewart  (1920,  p.  9)  in  collections 
from  the  Humber  River  cut  at  Toronto,  but  Foerste  (1925,  p.  134)  considers 
this  a  new  form. 
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zones  and  apparently  absent  in  the  last  two  zones  (III  and  IV), 
where  it  is  replaced  by  C.  perminuta  and  C.  lor- 
rainensis. 

The  species  is  readily  distinguished  from  the  associated  C. 
pectunculoides  by  its  fine  threadlike  lines,  from  the  follow¬ 
ing  C.  lorrainensis  by  its  more  elongate  form ;  its  length 
being  to  its  height  approximately  as  4:3.  It  reaches  a  larger  size 
than  the  two  congeners,  its  length  measuring  11.5  mm  and  its  height 
8.5  mm  in  a  large  representative  specimen.  Ulrich’s  figures  indicate 
a  still  larger  size  for  the  types. 

Ctenodonta  perminuta  Ulrich 

Original  description  (Ulrich  1893,  p.  680): 

Shell  very  small,  commonly  about  1.5  mm  in  length  and  1.15  mm 
in  height,  widest  anteriorly;  anterior  outline  rounded  below,  generally 
nearly  vertical  in  the  upper  half,  and  subangular  in  the  antero- 
cardinal  region ;  basal  margin  broadly  convex,  posterior  end  obliquely 
truncate,  strongly  rounded  in  the  lower  half.  The 
species  is  known  from  casts  of  the  interior  only.  In 
these  the  beaks  are  prominent,  moderately  incurved, 
and  situated  between  one-fourth  and  one-third  of 
the  entire  length  behind  the  anterior  extremity.  The 
muscular  impressions  are  unusually  distinct  for  so  small 
a  shell,  and  the  structure  of  the  hinge  seems  to  have 
been  very  much  as  in  C  .  1  e  v  a  t  a  Hall  sp.  and  other 
forms  of  that  section  of  the  genus. 

The  extreme  minuteness  of  the  shell  and  the  compara¬ 
tive  strength  of  the  muscular  attachments  will  distin¬ 
guish  this  form  at  once  from  all  other  species  of  the 
genus  having  a  similar  shape. 

The  species  ranges,  according  to  Bassler’s  Index,  from 
the  Eden  to  the  Maysville  and  is  known  from  Cincinnati  and  vicinity. 
In  New  York  we  have  found  the  species  quite  common  at  station  14 
of  the  Whetstone  gulf  section  and  at  the  outcrop  in  the  bank  of  the 
river,  2  miles  below  Pulaski ;  where  it  is  associated  with  Arthro- 
pora  cincinnatiensis  (James).  In  both  localities  it  is 
common. 

While  Ulrich’s  material  consisted  of  casts  of  the  interior  only, 
ours  is  largely  made  up  of  shells  preserving  the  exterior.  It  is  seen 
by  these  that  the  exterior  was  nearly  smooth,  only  faint  growth¬ 
lines  being  visible,  under  the  lens,  near  the  basal  margin,  which  are 
not  threadlike  or  raised,  as  in  C.  f  i  1  i  s  t  r  i  a  t  a  and  lor¬ 
rainensis. 
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Figure  6 
C  t  e  nodonta 
p  erminuta 
Ulrich.  Cast 
of  right 
valve.  x  6 
(From  Ul¬ 
rich). 
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The  majority  of  our  specimens  are  slightly  larger  than  the  type 
material,  the  average  height  reaching  2  mm  and  a  few  even  attain¬ 
ing  a  height  which  is  double  that  given  by  Doctor  Ulrich. 

Family  Ledidae  Adams 
Genus  Clidophorus  Hall 
Clidophorus  planulatus  (Conrad) 

Clidophorus  planulatus  is  recorded  by  Bassler  as 
occurring  in  both  the  Eden  and  Maysville  formations.  It  likewise 
is  found  in  New  York  in  both  the  Whetstone  gulf  and  Pulaski 
divisions  of  the  Lorraine  group  and  ranges  from  the  lowest  zone, 
corresponding  to  the  Economy  member  of  the  Eden,  to  the  highest 
beds  exposed  at  the  Salmon  River  falls. 

A  survey  of  a  series  of  specimens  from  these  different  horizons 
shows,  however,  that  there  are  noticeable  differences.  It  is  there¬ 
fore  important  to  accurately  define  the  typical  expression  of  the 
species. 

Conrad  (1841,  p.  50)  described  the  species  as  Nuculites 
planulata  as  follows : 

Compressed,  ovate-acute;  posterior  dorsal  margin  oblique,  recti¬ 
linear,  extremity  acutely  rounded;  basal  margin  regularly  arched; 
rib  oblique. 

As  locality,  Pulaski,  Oswego  county,  is  given. 

Conrad  did  not  figure  his  species  and  the  first  figure  was  furnished 
by  Emmons  (1842,  p.  399).  It  is,  however,  obvious  that  this  is  not 
a  figure  of  Conrad’s  type  specimen,  for  the  species  is  termed 
Nuculites  scitula  by  Emmons  and  cited  as  “extremely 
common  immediately  below  the  loraine  shales,  or  in  the  upper  part 
of  the  utica  slate  ’’  (meaning  the  dark  lower  shales  of  the  Whetstone 
Gulf  formation).  Emmons’  figure  also  clearly  represents  a  speci¬ 
men  of  the  lower  shales,  and  thus  can  not  be  considered  as  a  type 
figure. 

Hall  described  and  figured  the  species  more  fully  in  Palaeontology 
of  New  York,  volume  1  (1847,  p.  300),  erecting  there  the  genus 
Clidophorus  for  clavicle  bearing  shells  of  the  character  of  planu¬ 
latus.  Of  the  originals  of  his  figures  that  of  9 a  is  in  the  State 
Museum,  those  of  9 b-e  are  in  the  American  Museum;  the  last  one 
representing  a  species  from  Snake  Hill  beds  at  Waterford,  N.  Y. 
All  the  other  specimens  are  from  Turin.  At  this  place  only  the 
lowest  beds  of  the  Pulaski  formation  are  exposed  at  the  end  of  the 
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section  (see  Mill  creek  section,  pt.  i,  p.  45).  From  these  lowest  Pulaski 
beds  is  the  slab  of  arenaceous  shale  in  the  State  Museum ;  the  other 
types  are  imbedded  in  shale  and  from  the  Whetstone  Gulf  formation. 
All  of  Hall’s  originals  come  hence  from  horizons  below  that  of  Con¬ 
rad’s  type,  and  exhibit  differences  to  be  noted  below. 

The  Clidophorus  planulatus  of  the  higher  Pulaski 
beds  which  occurs  at  Pulaski  and  served  as  Conrad’s  type  has  been 
carefully  described  by  Foerste  (1916,  p.  302)  from  specimens  obtained 
at  Pulaski  (topotypes),  as  follows: 

Shell  transversely  elliptical  oblong,  height  about  half  the  length  of 
the  shell,  with  the  beak  approximately  a  third  of  the  length  of  the 
shell  from  the  anterior  end.  Umbonal  ridge  low,  distinctly  defined 
along  its  cardinal  border  where  it  makes  an  angle  of  162  to  165 
degrees  with  the  longitudinal  axis  of  the  shell.  Above  this  umbonal 
ridge,  the  posterior  cardinal  slope  of  the  shell  is  flattened  and  subalate. 
The  posterior  part  of  the  hinge-line  extends  from  the  beak  for  a 
distance  equalling  about  two-fifths  of  the  length  of  the  shell,  and 
then  makes  an  angle  of  about  150  degrees  with  the  posterior  margin 
of  the  shell.  The  margin  is  rather  strongly  rounded  at  both  the 
posterior  and  anterior  ends  of  the  shell,  the  maximum  curvature  of 
the  anterior  margin,  however,  being  nearer  the  hinge-line.  The 
basal  margin  is  moderately  and  evenly  convex.  The  clavicular 
adductor  support  anterior  to  the  beak  forms  an  angle  of  about  80 
degrees  with  the  longitudinal  axis  of  the  shell;  it  is  comparatively 
straight  and  extends  downward  to  about  the  middle  height  of  the 
shell;  it  is  sharp  and  narrow,  appearing  on  the  cast  of  the  interior 
of  the  shell  as  a  sharp  incision  not  depressing  the  immediately  ad¬ 
joining  part  of  the  shell.  The  convexity  of  the  shell  is  moderate, 
that  of  a  shell  9  mm  in  height  being  about  1.6  mm.  Specimens 
20  mm  in  length  occur.  Compared  with  the  specimens  figured  by 
Hall  from  Turin,  the  Pulaski  forms  are  relatively  longer  and  hence 
are  more  convex  along  the  anterior  and  posterior  outlines. 

Foerste  points  out  that  all  of  the  specimens  of  Clidophorus 
planulatus  from  Turin,  were  figured  by  Hall  as  having  more 
oblique  clavicular  adductor  supports  anterior  to  the  beak;  that, 
however,  of  the  shale  specimens  (9 b,  c,  d )  only  9 d  presents  a  very 
oblique  clavicle,  approximately  55  degrees,  while  the  originals  of 
figures  9 b  and  9 c  show  angles  as  steep  as  75  to  nearly  80  degrees. 
Likewise,  we  found  that  the  three  originals  of  figure  9 a  have,  con¬ 
trary  to  the  drawing,  very  steep  clavicles,  the  middle  specimen  having 
even  an  almost  perpendicular  one.  This  slab,  however,  as  mentioned 
before,  comes  from  the  lowest  Pulaski  horizon. 

At  the  other  hand,  the  shale  specimens  from  Rome,  have,  as  noted 
by  Foerste,  more  oblique  clavicular  supports.  Since,  however, 
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occasional  specimens  from  the  type  locality,  east  of  Pulaski,  also 
have  very  oblique  clavicular  adductor  supports,  Doctor  Foerste  is 
not  certain  whether  these  specimens  with  the  more  oblique  clavicles 
should  be  regarded  as  distinct  from  the  forms  with  near  perpendicular 
impressions  and  considers  it  possible  that  this  angle  may  vary  in 
different  individuals  of  the  same  species. 

With  a  very  large  series  of  specimens  from  the  dark  shale  of  the 
lower  Whetstone  Gulf  formation  at  Rome,  as  well  as  numerous 
specimens  from  various  horizons  of  the  Whetstone  Gulf  and  Lor¬ 
raine  formations  before  us,  we  have  been  able  to  ascertain  that  while 
there  is  probably  no  sufficient  differentiation  in  the  relative  pro¬ 
portions  of  height  and  length  between  the  Whetstone  Gulf  and 
Pulaski  forms,  the  slant  of  the  clavicular  support  forms  a  fairly 
reliable  criterion  for  while  there  are  specimens  with  a  large  angle, 
the  great  majority  have  less  steeply  inclined  clavicular  adductor 
supports.  In  one  lot  of  twenty-five  specimens  from  the  black 
Whetstone  Gulf  shale  north  of  Rome,  there  were  only  four  with 
angles  of  80  degrees  or  more,  while  the  remainder  showed  angles  of 
70  degrees  or  below. 

The  more  oblique  direction  of  the  clavicle  holds  true  for  the 
material  from  practically  the  whole1  Whetstone  Gulf  formation,  as 
is  evidenced  here  by  the  representative  specimens  figured  from 
stations  8  and  9  of  the  Wood  creek  section  and  station  17  of  the 
Lorraine  section.  It  therefore  deserves  recognition  as  characterizing 
a  mutational  form  of  the  typical  Clidophorus  planulatus 
of  the  Pulaski  beds,  for  which  the  name  s  c  i  t  u  1  u  s  Emmons  is 
proposed.  There  are  no  observations  and  figures  extant  as  to  the 
hinge  of  Clidophorus  planulatus  nor  have  we  been 
able  to  find  a  complete  hinge.  The  nearest  approach  are  the  speci¬ 
mens  figured  (plate  6,  figures  17,  18),  which  show  the  posterior  end 
of  the  hinge,  indicating  that  the  hinge  plate  was  narrow,  did  not 
extend  to  half  the  length  of  the  shell,  and  bore  a  series  of  minute, 
thin  teeth  of  unknown,  but  probably  relatively  large  number. 

The  muscular  scars,  in  spite  of  the  deep  clavicular  support  of 
anterior  adductor  muscle  are  so  shallow  that  they  are  but  rarely  and 
faintly  visible. 

1  It  is,  however,  to  be  noted  that  the  appearance  of  typical  Clidophorus 
planulatus  at  station  12  of  the  Mill  creek  section  (near  the  top  of  the 
Southgate)  indicates  that  it  also  goes  below  the  Pulaski  formation. 
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Clidophorus  scitulus  Emmons 

Plate  6,  figures  14-18 

Nuculites  scitula  Emmons.  Nat.  Hist.  N.  Y.  Geology,  2d  Distr* 
1842,  p.  399,  fig.  2. 

The  Whetstone  Gulf  formation  contains  a  Clidophorus  that  is 
well  characterized  by  its  oblique  clavicle.  Emmons  states  that 
his  species  Nuculites  scitula  which  has  been  cited  by 
Hall,  Bassler  and  others  as  a  synonym  of  C.  planulatus  is 
“  extremely  common  immediately  below  the  Lorraine  shales  ”  and 
his  figure  shows  distinctly  the  very  oblique  clavicle.  As  Emmons 
drew  the  lower  boundary  of  his  Lorraine  shales,  where  T  r  i  - 
arthrus  eatoni  disappears,  it  is  clear  that  his  specimens 
came  from  the  Whetstone  Gulf  formation;  and  there  is  little  doubt 
that  his  name  being  based  on  a  figure  and  on  the  horizon  of  the 
species  has  standing  according  to  the  International  Code  of 
Zoological  Nomenclature  which  is  currently  followed  by 
paleontologists. 

Foerste  (1916,  p.  302)  noted  that  the  Pulaski  forms  of  C. 
planulatus  are  relatively  longer  than  the  Turin  forms  figured 
by  Hall  and  that  the  clavicular  impressions  are  more  nearly  per¬ 
pendicular.  In  his  last  publication  (1925,  p.  138)  he  clearly  extends 
the  diagnosis  to  cover  all  variations.  Also  Stewart  (1920,  p.  12) 
states  that  the  position  of  the  clavicular  impressions  varies  greatly 
in  the  Toronto  rocks,  but  at  the  same  time  separates  an  extreme 
variety  with  highly  oblique  clavicular  impressions  and  long  anterior 
extension  as  C.  obliquus. 

Our  observations  (see  under  C.  planulatus)  indicate  that 
the  Pulaski  forms  (C.  planulatus)  on  the  whole,  have 
steeper  clavicular  impressions  than  the  Whetstone  Gulf  forms 
(C.  scitulus)  by  about  10  degrees,  that  they  are  smaller 
and  relatively  longer.  For  these  reasons  we  have  used  Emmons’ 
name  in  our  book  in  part  1  to  recognize  this  difference. 

Superfamily  Arcacea 
Family  Cyrtodontidae  Ulrich 
Genus  Ischyrodonta  Ulrich 

Ischyrodonta  unionoides  (Meek) 

Plate  2,  figures  1-3 

Ischyrodonta  unionoides  is  one  of  the  names  that 
have  been  proposed  for  a  rather  expressionless  shell  that  is  very 
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common  in  our  Pulaski  formation,  but  that,  owing  to  its  lack  of 
characteristic  features,  has  failed  to  be  properly  distinguished  by 
the  earlier  authors. 

It  was  first  adequately  described  and  figured  from  western 
specimens  by  Meek  (1873,  p.  141)  as  Anodontopsis 
(Modiolopsis?)  unionoides.  It  was  later  placed  by 
Ulrich  (1893,  p.  677)  into  his  genus  Ischyrodonta,  and  its  important 
interior  characters  made  known.  Foerste  (1914,  p.  298),  has  pointed 
out  that  this  shell  is  so  common  in  the  upper  horizons  in  the  Lorraine, 
that  it  could  not  have  escaped  the  attention  of  the  early  investiga¬ 
tors  and  he  identified  Meek’s  unionoides  with  C  y  p  r  i  - 
cardites  c  u  r  t  a  of  Conrad,  briefly  described  but  not  figured 
in  the  fifth  annual  report  of  the  New  York  Geological  Survey  (1841, 
p.  53),  adding  that  the  Modiolopsis  c  u  r  t  a  of  Hall,  figured 
on  plate  81,  figure  4  of  Paleontology  of  New  York,  volume  1,  is  a 
very  typical  Ischyrodonta  unionoides.  Conrad’s 
description  is  so  short  and  noncommittal  that  Ischyrodonta 
unionoides  might  come  under  it.  Hall,  however,  later  (1859, 
p.  14)  reproduced  Conrad’s  original  figure  of  Cypri cardites,  supposed 
to  be  C  .  c  u  r  t  a  ,  his  genotype,  and  this  represents  the  interior 
of  some  unknown  Cyrtodonta  (Bassler,  1915,  p.  344).  This  fact 
would  seem  to  invalidate  Conrad’s  claim  to  priority ;  but  then  Hall 
(1847,  p.  297)  has,  as  Modiolopsis  c  u  r  t  a  ,  also  described 
a  form  from  the  upper  Lorraine  of  New  York,  which  we  believe 
was  intended  to  replace  Conrad’s  species  which  Hall  did  not 
recognize  as  properly  established.  His  first  figure  (op.  cit.  plate  81, 
figure  4)  is,  as  pointed  out  by  Foerste,  a  very  typical  form  of 
Ischyrodonta  unionoides  from  Grimsby  in  Canada. 
According  to  the  rules  of  priority,  this  fact  should  establish  it  for 
Hall’s  name.  Hall  has,  however,  also  figured  as  Modiolopsis 
c  u  r  t  a  on  plate  82,  figure  2  a  a  small  individual  of  Pterinea 
d  e  m  i  s  s  a  and  in  the  following  figures  2  h  and  2  c  two  more  species, 
and  having  obviously  adapted  his  description  to  the  Pterinea 
d  e  m  i  s  s  a  ,  this  becomes  the  type  of  his  species  (Foerste,  p.  299) 
and  thereby  also  invalidates  his  species,  leaving  Meek’s  term  as  the 
only  one  that  will  not  create  confusion. 

Doctor  Ulrich  (1893,  p.  677)  gives  the  following  description  of 
this  species : 

Shell  of  medium  size,  subovate,  a  little  the  highest  posteriorly, 
compressed  convex,  thickest  slightly  above  and  in  advance  of  the 
middle.  Anterior  margin  regularly  but  rather  narrowly  rounded ; 
base  forming  a  broad  semielliptic  curve;  posterior  margin  broadly 


UTICA  AND  LORRAINE  FORMATIONS  OF  NEW  YORK,  PART  2 


21 


rounded,  very  slightly  oblique;  dorsal  outline  more  or  less  strongly 
arcuate,  passing  gradually  into  the  ends.  Beaks  small,  compressed, 
projecting  very  little  beyond  the  hinge  margin,  placed  between  one- 
fourth  and  one-fifth  of  the  length  of  the  valves  behind  the  anterior 
extremity ;  urnbonal  ridge  scarcely  distinguishable.  Surface  showing 
only  a  few  distant  subimbricating  marks  of  growth. 

Hinge  comparatively  weak  for  the  genus,  with  one  oblique  cardinal 
tooth  in  the  right  valve  and  two  ( ?)  in  the  left.  The  ridgelike  internal 
ligament  support  leaves  a  linear  depression  within  the  dorsal  edge 
extending  posteriorly  from  the  beak  for  a  distance  equaling  about 
one-third  of  the  length  of  the  shell.  Anterior  adductor  and  pedal 
muscle  attachments  having  the  characters  usual  for  the  genus, 
except  that  they  are  with  respect  to  the  beaks,  more  anterior  in 
position  for  the  reason  that  the  anterior  end  is  uncommonly  long. 

Foerste  has  observed  that  the  specimens  from  the  uppermost 
Lorraine  at  Bennett’s  bridge,  show  slight  differences  which,  however, 
are  scarcely  specific,  from  the  typical  Ischyrodonta  union- 
o  i  d  e  s  of  the  Fairmount  beds.  These  consist  in  an  accentuation  of 
the  oblique  lines,  making  the  shell  slightly  less  rotund. 

Our  material  has  not  furnished  us  any  specimen  that  shows  the 
cardinal  teeth,  but  the  casts  of  the  interior,  found  in  the  weathered 
drift  blocks,  often  beautifully  exhibit  the  characteristic  muscle- 
scars,  including  that  of  the  pedal-muscle  (see  plate  2,  figures  1  and 
2),  just  above  the  inner  side  of  the  anterior  adductor  scar,  where  it 
was  attached  to  the  under  side  of  the  hinge-plate.  There  is  likewise 
well  shown  the  impression  of  the  wide  and  strong  hinge-plate  charac¬ 
teristic  of  the  genus,  and  the  impression  of  the  ridges  that  surrounded 
the  large  and  strong  anterior  adductor  muscle  on  the  upper  and 
inner  side.  The  simple  pallial  line  is  seen  in  plate  2,  figure  2. 

The  outline  is  subject  to  some  variation  in  our  material,  but  in 
the  whole  it  has,  as  noted  by  Foerste,  a  tendency  to  be  slightly  less 
rotund  than  in  the  western  representatives. 

I.  unionoides  occurs  in  the  Bellevue  division  of  the  Mays- 
ville  at  Cincinnati  and  vicinity.  It  is  further  known  from  Weston, 
near  Toronto  (Foerste,  1916,  p.  68),  while  Hall’s  locality  Grimsby  in 
Ontario  is  probably  based  on  an  erratic  specimen,  according  to  the 
same  author.1  From  New  York  it  has  been  reported  by  Foerste 
from  Pulaski  a  locality  between  Lorraine  village  and  Worth ville  and 
one  a  short  distance  below  the  Salmon  River  falls.  We  have  observed 
it  in  the  Lorraine  sections  at  stations  25  and  27  as  a  common  fossil. 
It  would  thus  appear  not  to  go  below  our  zone  VI,  but  the  locality 


1  Miss  Stewart  (1920,  p.  14)  has  meanwhile  cited  and  figured  from  the  Don 
brickyard  at  Toronto  a  slightly  differing  form  of  the  I.  unionoides  group. 
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at  the  road  between  Lorraine  and  Worth ville  mentioned  by  Foerste, 
which  we  believe  to  be  our  station  17,  would  bring  it  much  below 
that  zone.  The  occurrences  at  Pulaski,  above  the  railroad  bridge, 
and  at  the  Salmon  River  falls  prove  that  the  species  continues  to 
the  top  of  the  Pulaski  formation.  It  is  a  fairly  common  fossil  in  the 
rusty  brownish  weathering  drift  blocks  of  the  Lorraine  which  have 
furnished  a  considerable  part  of  the  known  fauna  of  the  Pulaski 
formation. 

Genus  Whitella  Ulrich 
Whitella  goniumbonata  Foerste 

This  species  was  first  made  known  by  Foerste  (1914,  p.  301),  from 
the  Pulaski  beds  of  the  Riviere  des  Hurons  in  Quebec.  It  was 
obtained  by  us  at  station  14  of  the  Whetstone  Gulf  section  (near 
base  of  Pulaski  beds).  Foerste  gives  the  following  description  of 
the  species : 

Shell  small,  short,  subrhomboidal.  Beaks 
nearly  terminal,  enrolled  toward  the  hinge-line  so 
as  to  produce  a  concave  anterior  area  1 1  mm  long 
along  the  anterior  margin,  and  2  mm  in  width  on 
the  single  valve.  Present  convexity  of  the  single 
valve  about  5  mm  but  the  original  form  of  the 
shell  probably  was  more  ventricose,  producing  a 
more  prominent  umbonal  area  and  a  greater  width 
for  the  anterior  concave  area.  Umbonal  ridge,  at 
its  junction  with  the  cardinal  slope,  angular,  the 
angle  being  sharply  defined  from  the  beak  for  a 
distance  of  about  17  mm  toward  the  lower  pos¬ 
terior  angle  of  the  shell,  and  then  becoming  more 
rounded.  Concentric  striae  rather  faintly  defined. 

The  hinge  area  is  not  exposed  in  the  specimen 
at  hand.  The  generic  determination  is  based 
upon  the  general  appearance  of  the  shell. 

We  give  in  the  following  the  measurements  of  our  specimen,  which 
is  somewhat  obliquely  compressed  with  the  corresponding  ones  of 
the  type  after  Foerste  in  parenthesis: 

Length  20  mm  (24mm),  length  from  the  beak  along  the  umbonal 
ridge  to  the  lower  posterior  margin  22.5  mm  (25  mm);  height  pos¬ 
teriorly  17  mm  (20  mm);  height  at  the  beak  about  15  (17  mm); 
extension  of  the  shell  anterior  to  the  beak  about  1.5  mm  (2  mm); 
convexity  of  the  single  valve  about  4  mm  (5mm)  in  the  present  state 
of  preservation. 

It  will  be  seen  that  the  relative  dimensions  of  our  specimen  are 
the  same  as  those  of  the  type,  which  is  a  little  larger. 


Figure  7  Whit¬ 
ella  goni¬ 
umbonata 
Foerste.  Right 
valve.  Natural 
size  (From 
Foerste). 
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Superfamily  Pterinacea 
Family  Pterineidae  Dali 
Genus  Pterinea  Goldfuss 

Pterinea  insueta  (Emmons) 

Plate  2,  figures  4  and  5 

Pterinea  insueta  was  first  named  and  figured  but  not 
described  by  Emmons  in  the  Second  District  Report  page  399,  as  a 
fossil  of  the  Utica  slate  occurring  in  the  Mohawk  valley.  An  ade¬ 
quate  description  was  given  by  Hall  in  1847  (p.  291),  who  states 
that  the  fossil  occurs  in  the  Utica  slate  “  at  Canajoharie,  and  is 
not  known  in  the  higher  part  of  the  group  ”  (meaning  the  Lorraine). 

The  black  shale  of  the  Canajoharie  region  was  found  by  the 
writer  (1912,  p.  29)  to  be  of  Trenton  age  (Canajoharie  shale)  and  it 
was  held  by  the  writer  that  P.  insueta  not  having  been  reported, 
from  the  true  Utica  shale,  is  a  species  that  is  probably  restricted  to 
the  Canajoharie  shale.  We  have  now,  however,  before  us  speci¬ 
mens  of  Pterinea,  hardly  distinguishable  from  P.  insueta, 
from  the  upper  Utica  shale  at  Holland  Patent,  N.  Y.,  the  Deer 
River  shale  in  the  Whetstone  Gulf  and  the  first  zone  of  the  Whetstone 
Gulf  formation  in  the  Wood  creek  section. 

While  the  specimen  from  Holland  Patent,  like  the  typical  P. 
insueta,  represents  a  broad  form,  being  about  as  long  as  high, 
that  from  the  Atwood  shale  is  distinctly  higher  than  long,  and  more 
erect,  approaching  in  this  features  the  later  P.  d  e  m  i  s  s  a. 

The  form  from  the  Deer  River  shale  (plate  2,  figure  4)  is  20  mm 
long  measured  along  the  umbonal  ridge,  22.5  mm  along  the  hinge¬ 
line,  but  only  17.5  mm  between  the  anterior  and  posterior  margins 
(length).  The  anterior  ear  is  short  and  rounded,  the  posterior  wing, 
judging  from  the  course  of  the  growth-lines,  was  but  little  extended. 
The  surface,  near  the  basal  margin,  exhibits  faint  radial  wrinkles. 
This  mutation  principally  distinguished  by  its  more  erect  outline, 
will  be  termed  mut.  bursa.  It  has  been  cited  as  P.  insueta 
mut.  nov.  in  part  1  of  this  study,  Bulletin  258,  p.  46. 

Pterinea  (Caritodens)  demissa  (Conrad) 

Plate  2,  figures  7-1 1 

Conrad  (1842,  p.  242)  briefly  described  this  species  as  A  v  i  c  u  1  a 
demissa  illustrating  it  by  the  figure  of  a  young  individual  and 
citing  the  “  lower  Silurian  sandstone,’’  near  Rome,  Oneida  county, 
N.  Y.,  as  the  type  locality.  A  mature  specimen,,  from  the  “  lower 
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part  of  the  grey  sandstone  ”  was  at  the  same  time  figured  by  Emmons 
(1843,  P-  4°4>  hgure  2).  Through  the  liberality  of  Professor  H.  F. 
Cleland  of  Williamstown,  Mass.,  this  specimen  is  now  in  the  New 
York  State  Museum.  Hall  (1847  p.  292,  plate  80,  figures  2 a,  2 b) 
redescribed  and  refigured  the  species,  recording  its  occurrence  also 
in  the  “  Hudson  River  group  ”  of  Ohio,  and  in  the  drift.  It  was 
still  more  fully  described  by  Hall  and  Whitfield  (1875,  P-  78)  from 
western  material,  the  description  and  figure,  however,  based  on  a 
rather  broad  individual  that  does  not  represent  the  typical  expression 
of  the  species. 

The  mode  of  growth,  hinge-structure  and  range  and  distribution 
have  more  recently  been  very  fully  elaborated  and  discussed  by 
Foerste  (1910,  p.  71 ;  1914,  p.  269),  who  proposed  the  genus  Caritodens 
for  forms  which  differ  from  the  genotype  of  Pterinea  (P.  1  a  e  v  i  s  ) 
in  the  absence  of  a  well-defined,  longitudinally  striated  ligamental 
area,  but  later  discovered,  with  more  perfect  material,  that  the 
shell  consists  of  two  layers,  a  thin  outer  and  a  thick  inner  layer, 
and  that  the  supposed  absence  of  a  ligamental  area  is  due  to 
the  preservation  of  the  outer  layer  only.  In  the  more  perfect 
material  this  author  has  found  a  peculiar  hinge-structure,  consisting 
of  a  “  lunate  callosity  or  thickening  (which  he  calls  jugum)  of  the 
interior  of  the  shell  a  short  distance  below  the  ligamental  area,  the 
concave  side  facing  the  middle  parts  of  the  valve,  the  posterior 
extension  curving  away  from  the  ligamental  area,  following  approxi¬ 
mately  the  line  of  junction  between  the  body  of  the  valve  and  the 
posterior  wing,  while  the  anterior  crural  ridge  or  anterior  part  of 
the  jugum  extends  for  only  a  short  distance  along  the  line  of  junction 
between  the  body  of  the  valve  and  the  anterior  ear.”  “  Between 
the  inner  edge  of  the  jugum  and  the  lower  margin  of  the  ligamental 
area  the  shell  is  thickened  ’ ’  “and  transverse  to  this  thickening,  below 
the  beak,  there  are  several  ridges  serving  as  anterior  cardinal  teeth,” 
while  “  the  posterior  extension  of  the  jugum  serves  as  a  posterior 
lateral  tooth.” 

It  is  obviously  on  this  peculiar  hinge-structure,  an  approach  to 
which  is  seen  in  Pterinea  flabellum  Hall  according  to 
Foerste,  that  the  genus  Caritodens  has  now  to  be  based. 

The  outline  of  the  shell,  which  was  described  by  Hall  as  “  obliquely 
subovate,”  is  subject  to  interesting  changes  in  the  individual  growth 
of  the  shell,  a  few  of  these  stages  are  illustrated  by  figures  8-10. 
While  the  earlier  stages  are  longer  than  high,  the  maturing  shells 
become  increasingly  higher  than  long.  According  to  Foerste  (1914, 
p.  269)  this  marked  change  in  outline  takes  place  in  the  following  way : 
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With  increasing  age  the  sinuosity  of  the  anterior  margin  of  the 
shell  becomes  more  pronounced,  the  angle  between  the  anterior 
margin  of  the  ear  and  body  increasing  from  less  than  2  5  to  frequently 
more  than  55  degrees.  This  is  due  chiefly  to  a  retardation  of  growth 
of  the  anterior  margin  of  the  body  below  its  junction  with  the  ear, 
and  an  acceleration  of  growth  along  the  basal  margin.  A  similar 
retardation  of  growth  takes  place  along  the  line  of  junction  of  the 
posterior  margin  of  the  body  with  the  wing.  The  result  is  that  the 
anterior  margin  of  the  body  becomes  more  erect,  the  shell  is  strongly 
prolonged  in  the  direction  of  the  basal  margin,  assuming  a  more 
oblong  form,  and  the  general  appearance  is  that  of  a  less  oblique 
shell.  In  the  meantime  there  is  a  considerable  prolongation  of  the 
shell  along  the  hinge-line,  both  anteriorly  and  posteriorly,  these 
parts,  usually  however,  not  being  well  preserved. 

Foerste  figures  a  young  specimen  showing  the  strong  prolongation 
of  both  the  anterior  ear  and  posterior  wing.  It  would  seem  that, 
while  there  is  some  variability  in  regard  to  these  extensions  of  the 
cardinal  line,  the  Lorraine  material  lacks  the  tendency  shown  in  the 
Richmond  forms  to  the  strong  development  of  the  ear  and  wing, 
for  even  where  the  extremities  of  both  are  not  preserved,  the  growth¬ 
lines  by  their  curvature  indicate  but  blunt  extensions. 

Hall  and  Whitfield  observed  that  the  regular,  concentric,  lamellose 
lines  that  mark  the  surface  are  sharply  elevated,  giving  exceedingly 
roughened  character  to  the  surface.  This  feature  of  the  species  is 
also  very  well  shown  in  casts  of  the  exterior  occurring  in  the  Lor¬ 
raine  rocks.  Foerste  suggests  that,  judging  from  well-preserved 
specimens  observed  by  him  in  clays  of  the  Richmond  formation, 
on  the  Nicolet  river,  the  sharp  striae  may  have  served  as  lines  of 
support  for  narrow  lamellose  extensions  of  the  shell,  .5  mm  or  less 
in  width.  A  cast  of  the  exterior  in  the  Museum  collection,  that 
retains  the  thin  cavities  corresponding  to  these  extensions,  corrobo¬ 
rates  this  inference. 

The  posterior  muscular  scar  is  described  by  Foerste  as  large  and 
lying  a  short  distance  below  the  termination  of  the  posterior  lateral 
tooth.  Figure  7  shows  its  faint  impression  in  a  cast  of  the  interior 
surface.  The  faint  pallial-line  is  also  shown  in  the  same  figure. 
The  anterior  muscular  scar,  of  which  Foerste  could  not  find  any 
trace,  must  have  left  a  still  shallower  impression.  There  is  a  faint 
subcircular  outline  noticeable  in  the  specimen  mentioned  above,  that 
probably  indicates  the  location  of  the  anterior  adductor  muscle; 
and  a  smaller  specimen  shows  a  distinctly  outlined  small  oval  area, 
at  the  anterior  base  of  the  umbo. 

The  left  valve  is  strongly  convex,  rounded  and  thickest  in  the 
center,  but  flattened  and  slightly  concave  toward  the  alations,  and 
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depressed  convex  on  the  umbo.  The  beak  is  small  and  extending 
but  little  above  the  hinge-line.  The  right  valve  is  frequently  as 
thick  as  the  left,  but  is  only  slightly  convex  toward  the  beak,  and 
becomes  flattened  toward  the  basal  parts.  It  is  a  peculiar  fact  that 
the  great  majority  of  specimens  found  in  the  Lorraine  are  left  valves; 
and  so  are  all  found  figured  in  the  literature,  the  others  possibly 
having  been  less  resistant. 

Caritodens  demissa  has  a  long  range  and  wide 
geographic  distribution.  It  is  found  in  the  Maysville  and  Richmond 
groups  and  over  an  area  extending  from  Indiana,  Kentucky  and 
Tennessee  to  Quebec  and  Ontario.  Foerste  (1914,  p.  274)  points  out 
that  it  is  much  more  common  in  the  Richmond  than  in  the  Lorraine. 
Apparently  it  also  attains  larger  size  and  more  luxurious  development 
of  the  ears  and  wings.  In  the  New  York  sections  we  have  observed 
it  at  Pulaski;  both  below  and  above  the  railroad  bridge,  at  stations 
28  and  31  of  the  Lorraine  gulf  section  and  at  station  14  of  the  Whet¬ 
stone  gulf  section  (zone  V).  It  thus  appears  to  range  throughout 
the  whole  Pulaski  formation,  but  to  be  absent  in  the  Whetstone 
gulf  formation,  corresponding  to  its  absence  in  the  western  Eden. 
The  species  is  a  rare  fossil  in  our  Lorraine  and  the  best  specimens 
are  obtained  in  the  drift  material  from  the  calcareous  sandstone 
ledges  of  the  upper  Pulaski. 

Pterinea  obtusiformis  Ulrich  MS. 

Plate  2,  figure  6 

The  Whetstone  Gulf  formation  has  afforded  in  the  Wood  creek 
section  (station  1)  a  form  of  Pterinea,  that  Doctor  Ulrich  considers 
as  identical  with  his  manuscript  species  of  obtusiformis. 

The  specimen  is  an  erect,  subrectangular  shell,  19  mm  high  and 
16+  mm  long,  the  anterior  margin  being  not  fully  preserved.  Its 
posterior  wing  apparently  was  also  but  little  or  not  extended.  The 
surface  is  marked,  besides  the  concentric  striae  and  flat  interspaces, 
by  some  very  prominent  concentric  wrinkles  and  the  obscure  radiat¬ 
ing  (interior  ?)  wrinkles  extending  from  the  umbo  to  the  basal  margin 
along  the  middle  of  the  shell,  which  is  fairly  convex.  This  form 
can  be  distinguished  from  the  preceding  one  by  the  coarse  concentric 
wrinkles  and  greater  convexity  of  the  body  of  the  left  valve. 

The  obscure  radii  appear  in  the  best  preserved  specimens  as  low 
wrinkles  upon  the  umbo,  but  towards  the  posterior  margin  fade 
out  into  shallow  grooves.  The  posterior  wing  is  in  one  specimen 
provided  with  very  fine  shadowy  radiating  lines.  The  cardinal  area 


UTICA  AND  LORRAINE  FORMATIONS  OF  NEW  YORK,  PART  2  27 


has  not  been  observed;  in  one  specimen,  however,  a  faint  wide  liga- 
mental  area  is  seen  to  extend  the  full  length  of  the  posterior  wing. 


Family  Ambonychiidae  Miller 
Genus  Byssonychia  Ulrich 

Byssonychia  radiata  (Hall) 

Plate  3,  figures  1-3 
See  part  1,  Bulletin  258,  plate  6 


Byssonychia  radiata  was  separated  by  Hall  (1847,  p- 
292)  as  Ambonychia  radiata  from  Ambonychia 
c  a  r  i  n  a  t  a  (Goldfuss) .  The  latter  form  had  been  described  as 
Pterinea  carinata  in  the  Petrefacta  Germaniae,  1826,  from 
the  “  Graywacke  ”  of  Lewistown,  Oneida'  county,  N.  Y.  With  it 
had  been  identified  by  Emmons  (1842,  p.  402)  and  Vanuxen  (1842, 
p.  64)  the  common  radially  ribbed  lamelli- 
branch  of  the  Lorraine  beds.  Hall  separated 
his  species  on  the  ground  that  B.  carinata 
is  a  larger  form  and  has  relatively  less  plica¬ 
tions  (about  24)  as  against  35  to  40  on  B  . 
radiata. 

The  new  species  was  fully  figured  and 
described  by  Hall,  (op.  cit.)  and  in  later 
publications  (Palaeontology  of  New  York, 
volume.  3,  1859,  p.  269,  523)  the  same  author 
added,  from  western  specimens,  the  description 
of  the  muscular  impression,  pallial  line  and 
hinge  teeth,  and  also  noted  the  byssal  opening. 

Ulrich  then  (1897,  p.  498)  made  the  species 
the  genotype  of  his  genus  Byssonychia,  which 

differs  from  Ambonychia  principally  in  the  presence  of  lateral  teeth 
and  a  byssal  opening. 

The  species  has  been  fully  discussed  by  Foerste,  (1914,  p.  273). 
He  regards  the  original  of  Hall’s  figure  4 a,  which  came  from  Pulaski 
as  the  type  of  the  species;  and  4 b,  from  an  unknown  locality  as  a 
cotype;  and  makes  the  following  remarks  on  the  species. 


Figure  8  Bysso¬ 
nychia  radi¬ 
ata  (Hall)  Type, 
natural  size.  (From 
Foerste.) 


Figure  4 b  comes  nearest  to  presenting  the  correct  outline  of  the 
shell,  especially  those  with  the  average  number  of  plications.  The 
upper  part  of  the  anterior  margin  is  slightly  concave,  owing  to  the 
forward  curvature  of  the  shell  at  the  beak  and  the  incurvature  of 
the  anterior  face  of  the  shell  toward  the  byssal  opening.  The  upper 
part  of  the  umbonal  ridge  is  never  angular  as  in  B.  richmond- 
e  n  s  i  s  .  The  angle  between  the  anterior  face  and  the  cardinal 
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margin  usually  varies  between  85  and  almost  90  degrees,  but  occa¬ 
sionally  is  as  low  as  80  degrees.  The  length  of  the  cardinal  margin 
usually  is  about  half  the  greatest  length  of  the  shell,  from  the  beak 
toward  the  posterior  part  of  the  nearly  evenly  convex  basal  margin. 
Occasionally  the  cardinal  margin  equals  about  three-fifths  of  the 
greatest  length  of  the  shell.  The  ratio  of  the  greatest  width  to  the 
greatest  length,  measured  diagonally  across  the  shell  from  the  beak 
to  the  posterior  part  of  the  basal  margin,  usually  is  about  77  per  cent, 
but  may  vary  from  as  low  as  70  to  as  high  as  81  per  cent.  The  con¬ 
vexity  of  the  single  valve  usually  does  not  exceed  6  mm  in  a  shell 
having  a  maximum  length  of  36  mm.  Shells  exceeding  40  mm  in 
length  are  rare.  The  number  of  radiating  plications  appears  to  vary 
considerably.  If  only  those  shells  are  selected  in  which  both  the 
cardinal  margin  and  the  anterior  face  are  well  exposed,  then  45,  46, 
or  47  radiating  plications  are  very  frequent.  Specimens,  however, 
occur  in  which  the  number  of  plications  is  as  great  as  55.  In  the 
specimens  with  45  radiating  plications,  these  plications  are  distinctly 
broader  than  the  intervening  grooves  in  those  with  55  plications, 
the  width  of  the  latter  exceeds  that  of  the  intervening  grooves,  onfy 
slightly,  if  at  all.  Since  the  number  of  plications  is  considered  as  of 
diagnostic  value  in  the  genus  Byssonychia,  an  attempt  was  made  to 
discriminate  two  species  among  these  Lorraine  forms  from  Pulaski, 
but  without  success.  At  Pulaski  specimens  with  about  45  plications 
are  rather  abundant,  both  in  the  gorge  south  and  southwest  of  the 
town,  and  also  along  the  river  banks  eastward,  as  far  as  the  railroad 
bridge.  Specimens  with  55  plications  occur,  associated  with  the 
others,  at  the  Trinucleus  horizon,  several  hundred  yards  west  of  the 
railroad  bridge. 

The  statement  by  Hall  that  B  y  ssony  chia  r  adiat  a  has  2 5 
to  40  plications  probably  indicates  that  he  had  specimens  with  45 
plications  in  his  possession,  those  on  the  anterior  face  not  being  well 
exposed.  The  specimen  illustrated  by  figure  4 a,  in  plate  80,  of  the 
Palaeontology  of  New  York,  volume  1,  was  found  to  possess  48 
radiating  plications. 

Specimens  from  the  calcareous  sandstone  of  the  Pulaski  exhibit 
the  hinge-structure  very  well  as  impressions,  the  teeth  becoming 
visible  when  the  beak  is  broken  away.  It  is  thus  found  that  the 
large  single  tooth  in  the  right  valve  (plate  3,  figure  3)  is  wedged- 
shaped,  the  sockets  for  the  opposite  teeth  are  flanked  by  narrow 
sharp  ridges,  for  the  posterior  one  of  which  at  least  there  is  again 
provided  a  depression  on  the  opposite  side,  making  a  sort  of  auxiliary 
tooth  of  it.  The  two  teeth  of  the  left  valve  are  slightly  curved.  The 
lateral  teeth  number  usually  three.  The  cartilage  band  is  relatively 
broad  and  shows  as  many  as  seven  grooves.  Also  the  posterior 
adductor  muscle,  with  an  additional  impression  for  the  pedal  muscle, 
and  the  pallial  line  are  sometimes  seen  in  interior  casts  (plate  3, 
figure  1.) 
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The  range  of  B.  radiata  is  given  by  Bassler  as  Maysville 
and  Richmond,  and  its  geographic  distribution  extends  from  Anticosti 
and  Quebec  to  Indiana,  Kentucky,  Tennessee  and  Virginia.  In 
New  York  it  is  found  everywhere  in  the  Pulaski  formation,  of  which 
it  is  one  of  the  most  common  and  striking  fossils,  forming  sometimes 
veritable  shell-banks. 

Byssonychia  vera  Ulrich 

Plate  3,  figures  4-8 

The  name  Byssonychia  vera  was  proposed  by  Ulrich 
(1893,  p.  629)  for  a  form  which  in  the  Cincinnati  region  was  usually 
confounded  with  the  Ambonychia  bellistriata  Hall,  a 
Trenton  species. 

It  is  very  similar  to  B.  radiata,  but  differs,  according  to 
Ulrich,  “  in  its  smaller  size,  finer  striae,  (there  being  about  fifty  to 
from  thirty-seven  to  forty  in  the  typical  form  of  that  species,)  shorter 
hinge-line,  more  evenly  convex  valves,  and  shorter  byssal  opening.” 

B  .  vera  is  recorded  by  Bassler  as  an  Eden  form  of  Cincinnati, 
Ohio  and  vicinity  and  as  also  occuriing  in  the  upper  Trenton  of 
Rogers  Gap,  Kentucky,  where  Foerste  has  found  it.  The  latter 
author  has  since  (1916,  p.  88)  also  reported  it  from  beds  of  Eden  age 
on  Manitoulin  island,  and  Stewart  (1920,  p.  25),  from  Toronto,  Ont. 

In  New  York  we  have  found  it  throughout  the  Whetstone  Gulf 
formation,  although  showing  some  variation  from  the  typical  form 
of  Cincinnati,  both  in  size  and  relative  length  of  hinge-line,  some 
individuals  (see  plate  3,  figure  4)  reaching  the  size  of  an  average 
B  .  radiata  and  others  fully  equaling  that  species  in  the  relative 
length  of  the  hinge-line.  At  the  other  hand,  all  Byssonychias  of 
the  Whetstone  Gulf  formation  show  a  decidedly  larger  number  of 
ribs  and  more  even  convexity  of  the  valves  than  the  later 
B.  radiata.  Foerste  (1914,  p.  274)  has  pointed  out  that  in 
B  .  radiata  the  typical  number  of  ribs  is  about  45  to  47,  but 
that  one  also  finds  specimens  with  as  many  as  55  plications.  This 
is  fully  corroborated  by  our  observations.  In  the  B  .  vera  of 
the  Whetstone  Gulf  formation  55  or  more  ribs  are  found  quite 
regularly  and  the  number  of  ribs  is  always  greater  than  in  the  typical 
radiata.  Another  reliable  difference  between  the  two  species 
is  that  in  B  .  vera  the  angle  between  the  anterior  face  and  the 
cardinal  margin  is  always  around  80  degrees  and  smaller  than  in 
B  .  radiata.  The  ligamental  area  is  relatively  wider  than  in 
radiata  and  furnished  with  about  seven  striae. 
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In  a  form  that  occurs  at  station  3  of  the  Wood  creek  section  (zone 
I  of  the  Whetstone  Gulf  formation)  the  number  of  plications  is  65, 
while  at  the  same  time  the  width  is  about  one-eighth  greater  than  in 
the  typical  v  e  r  a  .  We  will  distinguish  this  small  variety  as 
B  .  v  e  r  a  var.  pluricosta. 

Byssonychia  carinata  (Goldfuss) 

Goldfuss,  in  the  Petrefacta  Germaniae  (1826,  p.  136)  described 
and  figured  as  Pterinea  carinata  a  fossil  from  the  “  Gray- 
wacke  of  Lewistown  in  Oneida  county.  ’  ’  With  this  species  Emmons 
and  Vanuxem,  in  the  reports  on  the  second  and  third  districts  of 
the  first  survey  of  New  York,  identified  the  common  Byssonychia 
of  our  Lorraine  rocks,  which  in  1847  was  separated  by  Hall  from  the 
longer  known  Pterinea  carinata  as  Ambonychia 
r  a  d  i  a  t  a.  At  the  same  time  Hall  also  redescribed  and  refigured 
the  Ambonychia  carinata  from  specimens  that  he  had 
observed  in  the  drift,  giving  the  “  Hudson  River  group  ”  as  the 
horizon. 

Later  collectors,  the  present  one  included,  have  never  been  able 
to  find  this  species  in  our  Lorraine  beds  and  Doctor  Foerste  has  for 
that  reason  critically  investigated  the  status  of  the  species  (1914, 
p.  324)  and  arrived  at  the  conclusion,  that  the  form  is  nearest  to  or 
probably  identical  with  B.  richmondensis  and  that  both 
Goldfuss’  and  Hall’s  specimens  came  from  drift  blocks  of  the  Canadian 
Richmond,  Lewistown,  in  Oneida  county,  probably  being  meant 
for  Lewiston  in  Niagara  county,  where  much  drift  occurs.  Search 
by  the  writer  in  the  old  gazetteers  of  New  York  for  a  Lewistown  in 
Oneida  county  has  failed  in  producing  such  a  locality  name,  and  on 
the  other  hand,  Whitfield  and  Hovey  state  that  Hall’s  cotype  of 
the  species  also  came  from  drift  on  the  south  side  of  Lake  Ontario. 

Doctor  Foerste  therefore  is  undoubtedly  justified  in  concluding 
that  “  it  seems  best  to  discard  the  use  of  Goldfuss ’s  name,  unti 
more  is  known  regarding  this  type.” 

Byssonychia  praecursa  Ulrich 

In  volume  VII  of  the  Geology  of  Ohio  (1893,  p.  633)  Doctor 
Ulrich  has  described  as  Byssonychia  praecurs  a  n.  sp, 
or  var.,  a  form  that  is  there  recorded  as  occurring  in  the  Lorraine 
shales,  Lorraine,  N.  Y.,  also  in  the  equivalent  middle  beds  of  the 
Cincinnati  group,  at  Covington,  Kentucky,  and  Cincinnati,  Ohio . 
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It  is  described  as  being  very  much  like  B.  radiata  in  the 
number  of  costae  and  in  the  outline.  “As  a  rule,  however,  the 
latter  is  a  little  more  oblique,  the  hinge  shorter  and  the  central  part 
of  its  valves  a  trifle  wider.  But  the  principal  difference  lies  in  the 
flattening  of  the  anterior  side  in  B.  praecursa.” 

The  number  of  costae  is  given  as  varying  from  38  to  42;  while, 
in  a  footnote  that  of  the  Cincinnati  form  of  radiata  is  stated  to 
vary  between  36  and  40.  Foerste  (1914,  p.  274)  has  claimed  that 
the  New  York  form  of  B.  radiata  has  a  greater  number  of 
costae,  45  to  47  being  the  more  frequent  number.  Our  material 
corroborates  this  view 
as  to  the  greater  number 
of  costae.  On  a  beauti¬ 
ful  slab  from  Pulaski, 
covered  with  specimens 
with  this  greater  num¬ 
ber,  there  is,  how¬ 
ever,  a  single  specimen 
which  at  once  attracts 
attention  by  its  coarser 
ribs  and  more  elongated 
form.  This  shows  about 
38  costae,  separated  by 
interspaces  as  wide  as 
the  costae,  a  straight 
anterior  face,  that  is 
markedly  longer  than  in  B.  radiata  and  a  more  elongate  form 
than  the  great  majority  of  the  specimens  of  B.  radiata  possess. 
The  ratio  of  the  greatest  width  to  the  greatest  length  is  71  per  cent, 
as  against  77  per  cent,  usually  found  in  B.  radiata,  width 
variations  to  70  and  81  (Foerste)  and  against  63  per  cent  in  Ulrich’s 
type  specimen  of  praecursa.  It  would  thus  seem  that  while 
this  Pulaski  specimen  is  not  a  typical  B.  praecursa,  it  certainly 
is  nearer  to  that  species  than  to  B.  radiata  and  probably  con¬ 
nects  the  two. 

Byssonychia  hyacinthensis  Foerste 
Plate  3,  figure  9 

Foerste  (1925,  p.  163)  has  distinguished  as  B.  hyacin¬ 
thensis  a  form  from  B.  vera  occurring  along  Yamaska 
river  at  St  Hyacinthe,  Quebec,  that  is  distinctly  broader,  has  the 


Figures  9  and  10  Byssonychia  prae¬ 
cursa  Ulrich.  Figure  9  Cast  of  interior 
of  right  valve.  Figure  10  Anterior  view  of 
same.  Natural  size.  (From  Ulrich.) 
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umbonal  part  more  broadly  rounded,  beak  less  elongate,  general 
outline  more  rotund,  and  anterior  outline  not  so  straight. 

The  Whetstone  Gulf  formation  has  afforded  at  station  8  of  the 
Wood  creek  section  a  form  that  in  general  outline  and  dimensions 
well  agrees  with  hyacinthensis.  It  has  55  ribs. 

Superfamily  Mytilacea 
Family  Modiolopsidae  Fischer  (emend.) 

Genus  Modiodesma  Ulrich 

Modiodesma  modiolare  (Conrad) 

Plate  4 

See  also  Part  1,  Plate  6 

Like  many  other  Paleozoic  fossils  of  New  York,  this  species  was 
first  briefly  described  but  not  figured  by  Conrad  (1838,  p.  118) 
and  given  standing  by  a  fuller  description  and  good  illustrations  by 
Hall  in  the  Paleontology  of  New  York  volume  1,  p.  294.  Plaving 
a  wide  distribution,  it  has  since  been  described  and  figured  in  many 
publications.  A  very  precise  definition,  from  a  reexamination  of  the 
types  and  other  typical  material  has  recently  been  furnished  by 
Foerste  (1924,  p.  183),  whom  we  quote: 

Ventral  margin  forming  angle  of  10  to  17  degrees  with  hinge-line 
moderately  convex  or  nearly  straight,  never  incurved.  Anterior 
margin  and  lower  posterior  margin  rather  rapidly  rounded ;  posterior 
margin  forming  an  angle  of  about  130  to  135  degrees  with  hinge-line, 
curving  strongly  toward  front  on  approaching  the  latter.  Valves 
relatively  flat.  Beak  low  and  closely  appressed,  located  a  consider¬ 
able  distance  back  from  the  anterior  margin.  Umbonal  parts  rather 
strongly  flattened,  but  not  depressed  into  a  mesial  sinus.  Surface 
with  concentric  striae  more  distinctly  developed  anteriorly  than  along 
posterior  margin. 

Horizon  and  locality.  Conrad’s  type  came  from  Pulaski,  N.  Y. 
Hall  knew  the  species  to  occur  in  “  the  central  and  higher  parts  ” 
of  the  Lorraine  at  many  localities.  He  cites  Turin,  Boonville  and 
Martinsburgh,  Lewis  county;  Lorraine;  Pulaski;  Washingtonville 
near  Rome  and  other  places  in  Oneida  county.  He  has  also  collected 
it  in  Ohio  and  Indiana.  Foerste  (1914,  p.  283)  found  it  at  Pulaski 
below  the  railroad  bridge  at  several  horizons,  and  the  writer  also 
above  the  bridge,  as  well  as  below  the  village  (zone  III) ;  further  at 
Barnes  Corners,  Worthville,  and  Salmon  River  falls.  According  to 
Bassler  (1916,  p.  816),  it  occurs,  besides  in  New  York  and  Ohio, 
also  in  Pennsylvania  and  Virginia. 


UTICA  AND  LORRAINE  FORMATIONS  OF  NEW  YORK,  PART  2  33 


In  the  Lorraine  gulf  the  species  occurs  at  stations  21a,  25,  26,  27, 
27a  and  28;  in  the  Whetstone  gulf  section  at  station  14  and  in  the 
Wood  creek  section  at  station  14.  It  thus  ranges  throughout 
the  Pulaski  formation  in  New  York  and  probably  goes  also  into 
the  next  zone  below.  Foerste  has  not  recorded  it  from  either 
Quebec  or  Ontario  east  and  thus  while  common  in  some  of  our 
Lorraine  beds,  it  does  not  appear  to  have  passed  the  Frontenac 
axis.  The  form  from  the  Don  brickyard  near  Toronto,  referred  by 
Miss  Stewart  to  this  species,  is  considered  a  different  one  by  Foerste 
(1924,  p.  191). 

Remarks.  This  characteristic  Lorraine  lamellibranch  was  first 
placed  by  Conrad  (1838)  and  Emmons  (1842)  under  Cypricardites 
and  by  Hall  made  the  type  of  his  genus  Modiolopsis  (1847).  Hall, 
however,  conceived  his  species  too  wide ;  considering  it  very  variable 
he  united  under  it  Conrad’s  species  Cypricardites  modio- 
laris,  C.  angustifrons  and  C.  o  v  a  t  u  s,  all  three 
Lorraine  forms.  Ulrich,  on  finding  that  these  are  not  only  specifically 
different  but  that  C.  modiolaris  and  C.  o  v  a  t  u  s  represent 
groups  of  forms  of  generic  importance,  has  restricted  the  genus 
Modiolopsis  to  M.  ovatus  and  its  many  relatives  and  for  the 
smaller  group  of  forms,  of  which  M.  modiolaris  bears  the 
typical  expression,  proposed  the  new  genus  Modiodesma.  The 
complex  reasons  for  this  selection  are  fully  set  forth  in  the  chapter  on 
Modiodesma  by  Ulrich  in  Foerste’s  Upper  Ordovician  Faunas  of 
Ontario  and  Quebec  (1924,  p.  183-90). 

According  to  Ulrich  it  appears  from  a  survey  of  Hall’s  figures 
and  of  a  collection  of  specimens  of  Modiolopsis  modio¬ 
laris,  that  there  are  principally  two  groups  comprised  under 
that  term,  one  where  the  shells  are  provided  with  a  mesial  depression 
and  ventral  sinus  and  a  deeply  impressed  anterior  muscular  scar 
and  another  which  lacks  these  features.  It  is  clear  from  Hall’s 
generic  description  of  Modiolopsis  that  he  had  the  former  group  in 
mind  in  drawing  it  up.  This,  as  represented  by  Cypricardites 
o  v  a  t  a  is  therefore  made  the  genotype  of  Modiolopsis  and  the 
term  Modiodesma  proposed  for  the  form  with  the  mesial  depression 
and  marginal  sinus  so  little  developed  that  the  ventral  edge  remains 
more  or  less  convexly  curved  throughout.  Also  the  beaks  are 
usually  farther  removed  from  the  anterior  extremity  than  in  Modio¬ 
lopsis.  Hall’s  figures  ia,  1  b  and  id  of  plate  81  in  volume  1  of  the 
Palaeontology  of  New  York  represent  Modiodesma  modio- 
1  a  r  e .  Figure  ia  is  Conrad’s  type  of  Cypricardites 
modiolare  and  the  holotype  of  Modiodesma  modio- 
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laris.  Fig.  b  ( ibidem )  represents  the  type  of  Cypricardites 
angustifrons  Conrad  and  is  considered  by  Ulrich  as  a  variety 
(angustifrons  Conrad)  of  Modiodesma  modiolare, 
and  id  is  the  figure  of  still  another  variety  (b  r  e  v  i  o  r  Ulrich), 
while  i  c  illustrates  a  western  form  (M  odiolopsis  halli 
Ulrich)  and  le  is  the  Modiolopsis  ovata  that  is  made  the 
genotype  of  Modiolopsis. 


Modiodesma  modiolare  (Conrad)  var.  angustifrons  (Conrad) 

Conrad’s  species  Cypricardites  angustifrons  is 
considered  a  variety  of  Modiodesma  modiolare  by 

Ulrich  (1924,  p.  189).  Its 
distinguishing  character  is 
the  strong  narrowing  of  the 
anterior  extremities,  con¬ 
tinued  with  a  lesser  one  of 
the  entire  shell  and  a  more 
forward  position  of  the 
beaks.  Hall’s  figure  ic  of 
plate  81,  volume  1,  Palaeon¬ 
tology  of  New  York,  repre¬ 
sents  the  typical  expression 
of  this  form.  It  is  princi¬ 
pally  found  in  the  drift, 


Figure  11  Modiodesma  modiolare 
(Conrad)  var.  angustifrons  (Conrad). 
Outline  of  Conrad’s  type.  Natural  size. 


derived  from  the  upper  calcareous  Pulaski  sandstone. 


Modiodesma  modiolare  (Conrad)  var.  brevius  Ulrich. 

Hall’s  figure  id  of  plate  81,  volume  1,  Palaeontology  of  New  York, 
illustrates  a  shorter  and  relatively  higher  variety  of  M.  modio¬ 
lare  for  which  Ulrich  (1924,  p.  189)  proposes  the  name  b  r  e  v  i  o  r 
( rede  brevius).  It  has  not  been  found  by  the  writer  in  place 
-and  is  apparently  also  derived  from  the  drift. 


Genus  Modiolopsis  Hall  (emend.  Ulrich) 

Modiolopsis  ovata  (Conrad) 

Plate  4 

This  species,  the  Cypricardites  ovata  of  Conrad 
(1841,  p.  52),  is  figured  by  Hall  under  Modiolopsis  modio- 
laris  ;  his  figure  le  of  plate  81,  volume  1,  Palaeontology  of  New 
York,  representing  Conrad’s  type. 
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The  diagnosis  of  Modiolopsis,  furnished  by  Ulrich  (1924,  p.  187) 
and  based  on  this  species  gives  a  general  brief  description  of  the 
form  and  is  quoted  here: 

Shells  with  a  black  epidermis,  subovate,  widest  posteriorly,  the 
dorsal  edge  very  gently  convex,  the  ventral  side  slightly  sinuate. 
Umbones,  though  small  and  rather  low,  projecting  distinctly  above 
the  hinge-line,  situated  near  the  anterior  end  and  over  the  inner 
third  of  the  deeply  impressed  anterior  adductor  scar;  umbonal  ridge 
rounded,  low,  notable  mainly  because  of  an  undefined  but  wide 
depression  over  the  antero-ventral  slope ;  cardinal  slope  gently  con¬ 
cave.  Surface  usually  with  concentric  lines  and  narrow  ribs,  the 
latter  strongest,  rounded,  and  not  regularly  spaced  on  the  posterior 
half.  Hinge-plate  thin,  with  a  single,  undefined  subrostral  tooth  and 
socket  in  each  valve;  ligament  external  but  lying  partly  in  a  very 
narrow  area.  Pallial  line  simple;  posterior  adductor  scar  large  but 
very  faintly  outlined. 

Horizon  and  locality.  Modiolopsis  ovata  is  a  form  of 
the  upper  Pulaski  shale  and  found  mostly  in  the  drift.  On  a  slab  of 
calcareous  sandstone  from  Oswego  county  in  the  State  Museum  it 
is  seen  associated  with  Modiodesma  modiolare. 

Modiolopsis  anodontoides  Hall 

Plate  5,  figure  1 

The  synonymy  of  this  species  is  rather  involved.  Emmons  (1842, 
p.  399)  first  figured  but  did  not  describe  the  species  as  C  y  p  r  i  - 
cardites  sinuata.  Hall  in  1847  (p-  298)  in  referring  to 
the  same  form  termed  it  Modiolopsis  anodontoides 
Conrad,  evidently  referring  to  an  unpublished  manuscript  name  and 
description  of  Conrad.  He  cites  Cypricardites  sinuata 
as  a  synonym,  stating  that  the  differences  in  form  are  due  to  pressure, 
Conrad’s  type  being  preserved  in  sandstone  and  Emmons’  in  shale. 

Hall  figures  three  specimens,  all  of  which  are  in  the  New  York 
State  Museum.  The  original  of  plate  82,  figure  3a,  is  Conrad’s  type. 
This,  here  refigured  in  plate  5,  figure  1,  is  incomplete  anteriorly. 
The  second  original  (plate  82,  figure  3 b)  proved  according  to  a  label 
by  Hall,  “  to  be  the  young  of  Cimitaria  recurva,  Hamil¬ 
ton  group.”  The  third  (figure  30),  which  lately  was  also  found  in 
the  State  Museum  by  the  writer,  is  preserved  on  a  slab  of  black 
shale  from  Rodman,  N.  Y.,  that  is  covered  with  this  form,  which 
clearly  represents  a  third  different  species  (see  Cuneamya 
parva)  .  Emmons  himself  (1855,  p.  171)  has  later  relinquished 
his  specific  name  in  favor  of  Conrad’s  obviously  following  Hall  in 
this  procedure. 
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It  is  now  obvious  that  Conrad’s  name  has  no  standing  and  that 
the  species  is  either  to  be  credited  to  Emmons  or  to  Hall,  the  latter 
having  both  figured  and  described  the  form.  As  a  figure,  however, 
according  to  the  rules  of  priority  adopted  by  the  international 
biologic  societies,  constitutes  a  valid  claim,  Emmons’  name  would 
prevail  if  it  were  not  for  the  fact  that  Hall  expressly  states  in  the 
explanation  of  his  figures  on  page  298,  that  figure  36  represents  the 
original  of  C.  sinuata.  This  specimen,  however,  which  thus 
by  Hall’s  own  identification  is  Emmons’  type  —  and  a  comparison 
of  the  specimen  with  Emmons’  figure  supports  Hall’s  assertion  —  has 
a  label  in  Hall’s  handwriting,  that  it  proved  later  to  be  “  the  young 
of  Cimitaria  recurva,  Hamilton  group,”  Emmons’  name 
thus  also  becomes  invalid  and  there  remains  only  to  credit  the 
species  to  Hall  with  the  name  he  borrowed  from  Conrad. 

We  then  have  to  base  the  species  on  the  imperfectly  preserved 
original  of  Hall’s  figure  3a.  Hall’s  description,  being  clearly  based 
on  this  specimen,  is  essentially  correct. 

The  specimen,  slightly  imperfect  in  front,  was  originally,  as  restored 
from  the  growth-lines  (see  plate  5,  figure  1)  26  mm  long,  with  about 
1  mm.  missing,  and  12  mm  high.  It  is  subtrapezoidal  in  outline, 
the  cardinal  and  basal  margins  being  nearly  parallel,  and  the  posterior 
margin  obliquely  truncate.  The  cardinal  margin  is  straight  extend¬ 
ing  three-fifths  of  the  length  of  the  shell  from  the  beak.  The  posterior 
margin  is  but  slightly  convex,  and  bends  rather  abruptly  into  the 
basal  margin.  The  latter,  which  also  is  but  little  convex,  converges 
slightly  with  the  cardinal  margin  in  anterior  direction,  causing  the 
shell  to  be  highest  about  halfway  between  the  beak  and  the  postero¬ 
basal  angle.  The  basal  margin  is  slightly  sinuate  below  the  beak. 
The  anterior  margin  is  incomplete  in  the  specimen,  but  judging  from 
the  course  of  the  growth-lines  and  a  second  specimen  it  was  bent 
upward  to  the  middle  where  it  became  angular,  curving  inward. 
The  beak,  also  incomplete,  was,  according  to  the  second  specimen, 
situated  far  forward,  little  projecting  and  little  prominent,  the 
highest  part  of  the  quite  convex  shell  (4.5  mm  high)  being  along  the 
middle  line.  The  umbonal  ridge  is  very  prominent  and  distinct, 
with  an  abrupt  decline  towards  the  cardinal  margin  in  the  anterior 
half,  this  giving  the  appearance  of  an  umbonal  crest  (“  prominent 
carina  ”  Hall),  which,  however,  is  exaggerated  both  in  sharpness 
and  extent  in  Hall’s  drawing.  A  shallow  mesial  sulcus  is  noticeable 
in  the  basal  half  below  the  beak.  The  hinge  is  unknown;  the  pos¬ 
terior  attractor  muscle  is  faintly  outlined  as  indicated  in  the  figure. 
The  surface  shows  faint  growth-lines  and  some  coarser  wrinkles. 
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The  species  is  exceedingly  rare  as  already  remarked  by  Hall.  We 
have  before  us  a  complete  though  compressed  specimen  from  station 
22  a  (Worthville)  of  the  Lorraine  section.  Owing  to  the  compres¬ 
sion  the  umbonal  ridge  is  pressed  towards  the  postero-cardinal  angle. 
The  surface  of  this  specimen  is  furnished,  in  addition  to  the  sharp 
growth-lines,  with  rather  regular  varices  which  increase  in  prominence 
towards  the  anterior  margin. 

The  reference  of  this  species  to  Modiolopsis  is  not  final.  Judging 
from  the  second  specimen,  it  is  quite  probable  that  the  species  more 
properly  belongs  to  Rhytimya,  for  besides  the  outline  and  the 
moderate  thickening  of  the  varices  toward  the  front,  searching 
reveals  faint  radiating  lines  on  the  posterior  part.  The  type  speci¬ 
men,  however,  being  preserved  in  sandstone,  does  not  show  any 
of  these  finer  features. 

The  type  specimen  is  from  the  typical  Pulaski  sandstone  and 
marked  “  Lorraine,  Jefferson  county.”  The  other  reference  by 
Hall  to  the  shale  of  the  lower  Lorraine  at  Rodman  is  based  on  the 
original  of  his  figure  3 c  and  on  another  species.  Our  specimen  is 
from  station  22a  of  the  Lorraine  section  or  from  the  basal  beds  of 
the  upper  Lorraine  or  Pulaski  formation. 

Modiolopsis  curta  (Hall). 

This  species  described  by  Hall  in  Palaeontology  of  New  York, 
volume  1,  p.  297,  as  occurring  in  the  higher  Lorraine  beds  at  Lor¬ 
raine  and  in  the  lower  shaly  portion  at  Rodman  and  near  Rome,  as 
well  as  at  Grimsby,  Canada  and  Mineral  Point,  Wisconsin,  has 
not  been  recognized  as  a  valid  species  by  Bassler  (1915,  p.  814). 
Hall’s  figures  plate  81,  figure  4  and  plate  82,  figure  2 b,  are  stated 
to  be  apparently  of  Ischyrodonta  unionoides;  those 
of  plate  8,  figure  2a  of  Pterinea  demissa  and  of  plate  8, 
figure  2 c  of  a  small  Cyrtodonta  from  Mineral  Point,  Wisconsin. 

Hall’s  types  are  in  the  American  Museum  of  Natural  History  and 
were  lent  to  us  by  Doctor  Hovey  for  examination.  It  was  found 
that  the  original  of  plate  81,  figure  4  is  a  very  fine  specimen  of 
Ischyrodonta  unionoides,  but  very  poorly  drawn. 
It  shows  the  anterior  and  posterior  adductor  muscle  scars  and  is 
3  mm  longer  in  the  direction  of  the  umbonal  ridge  than  drawn. 
The  original  of  plate  82 ,  figure  2a  is  a  small  Pterinea  demissa, 
the  anterior  ear  and  posterior  wing  of  which  are  lacking.  Figures 
2  b  and  2  d  belong  together,  the  specimen  being  entire  and  belonging 
to  Cyrtodonta.  It  is  a  brown  limestone  specimen  and  obviously 
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not  from  the  shale  at  Rodman,  Jefferson  county,  N.  Y.,  as  stated 
in  the  explanation  of  the  plate.  Whitfield  and  Hovey  (1898,  p.  47) 
give  Mineral  Point,  Wisconsin,  as  its  locality,  the  same  as  of  the 
type  of  figure  2  c  which  apparently  is  not  any  more  extant. 

Genus  Prolobella  Ulrich 

Prolobella  corrugata  nov. 

Plate  3,  figures  10-12 

Description.--  Shell  small,  obliquely  subovate,  moderately  con¬ 
vex.  Anterior  end  auriculate,  small,  well-rounded,  separated  from 
the  rest  of  the  shell  by  a  depression  in  front  of  the  umbonal  ridge. 
Posterior  part  somewhat  alate  and  flat  along  cardinal  line.  Cardinal 
margin  straight,  not  quite  two-thirds  of  the  length  of  the  shell, 
passing  with  a  gentle  curve  into  the  evenly  rounded,  oblique  posterior 
margin;  which  at  the  postero-basal  angle  bends  into  the  less  convex 
basal  margin.  The  oblique  anterior  margin  is  straight  to  slightly 
sinuate  beneath  the  ear.  Beaks  prominent;  umbonal  ridge  distinct 
to  the  postero-basal  margin.  Surface  marked  by  very  strong  con¬ 
centric  wrinkles  and  fine  growth-lines,  as  well  as  strong  radiating 
striae  extending  from  the  umbo  to  the  basal  and  posterior  margins, 
but  lacking  on  the  ear. 

Measurements. —  Our  specimens  are  small  for  the  most  part ;  the 
two  types  here  figured  measuring  6  mm  by  5  mm  and  n  mm  by 
7-5  mm.  The  United  States  National  Museum  contains  specimens 
reaching  a  length  of  18  mm  and  a  height  of  n  mm. 

Horizon  and  locality.  —  In  the  black  shale  of  the  lowest  horizon 
of  the  Whetstone  Gulf  formation,  north  of  Rome,  N.  Y. 

Remarks.  —  This  species  is  in  general  aspect  very  near  to  the 
Trenton  form  P.  trentonensis  Hall,  but  is  smaller,  less 
elongated  and  less  sinuate  in  the  anterior  margin. 

Genus  Orthodesma  Hall  and  Whitfield 

Orthodesma  pulaskiense  Foerste 
Plate  5,  figure  2 

Orthodesma  pulaskiense  Foerste.  Bull.  Denison  Univ.,  17,  1914, 
p.  288,  pi.  3,  fig.  6. 

The  original  description  of  this  New  York  form  is  replaced  by  a 
more  concise  one  by  Doctor  Foerste  (1924,  p.  194),  and  this  is  copied 
here: 
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Shell  about  three  times  as  long  as  high,  enlarging  slightly  from  the 
beaks  toward  the  posterior  end,  abruptly  narrowed  anterior  to  the 
beaks.  Posterior  end  obliquely  truncated.  Umbonal  ridge  fairly 
angular  near  the  beaks,  diverging  at  a  small  angle  from  the  hinge¬ 
line  along  the  anterior  half  of  its  course,  amount  of  divergence  increas¬ 
ing  along  posterior  half.  The  pallial  line  starts  at  the  lower  posterior 
end  of  the  anterior  muscle  impression  and  inclines  diagonally  down¬ 
ward  toward  that  part  of  the  ventral  margin  posterior  to  the  mesial 
sinus.  The  latter  flattens  the  preumbonal  slope  and  causes  a  slight 
depression  a  short  distance  posterior  to  the  beaks,  producing  a  faint 
concavity  of  outline  along  the  ventral  margin. 

Doctor  Foerste  found  the  species  “  immediately  below  the  rail¬ 
road  bridge,  i  mile  east  of  Pulaski,  New  York.”  We  have  observed 
this  evidently  rare  species  only  in  drift  material  and  figure  a  speci¬ 
men  that  is  slightly  narrower  in  front  and  wider  posteriorly,  but 
that  well  shows  the  angular 
umbonal  ridge  and  the  growth¬ 
lines.  The  species  is  similar  in 
outline  to  Cymatonota 
pholadis  (Hall) ,  but  distin¬ 
guishable  by  the  oblique  folds 
along  the  cardinal  line  in  the 
latter  species. 

Doctor  Ulrich  (personal  infor¬ 
mation)  has  distinguished  in  the 
drift  material  from  the  Lorraine  of  New  York  in  the  National  Museum 
still  other  Orthodesmas,  namely,  O.  transitum  Ulrich,  0. 
cf.  corryvillense  Ulrich  and  O.  cf.  e  x  t  e  n  s  u  m  Ulrich. 
These  forms  are  in  manuscript  and  will  be  published  eventually 
in  a  larger  work  on  Cincinnatian  lamellibranchs.  Doctor  Foerste 
has  also  figured  (1924,  plate  31,  figure  11)  from  the  upper  part  of  the 
Pulaski  formation,  in  the  fossiliferous  sandstones  at  the  cross  road, 
1  mile  south  of  Barnes  Corners  near  Lorraine,  N.  Y.,  a  form  with 
a  similar  outline  to  O.  p  u  1  a  s  k  i  e  n  s  e,  but  with  the  beak  nearer 
the  anterior  margin,  and  which  may  fall  under  one  of  Ulrich’s 
unpublished  species. 

Genus  Modiolodon  Ulrich 
Modiolodon  truncatus  (Hall) 

Hall  described  as  Modiolopsis  truncatus  in  Palaeon¬ 
tology  of  New  York,  volume  1,  page  296,  a  form  said  to  occur  near 
Rome,  Oneida  county,  and  at  Cincinnati.  The  figures  (plate  81 
figures  3a,  3 h)  are  poor  but  sufficient  to  show  a  short,  subtrapezoidal 
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Figure  12  Orthodesma  pul- 
ask  i  e  n  s  e  Foerste.  Right  valve. 
Natural  size.  (From  Foerste.) 


40 


NEW  YORK  STATE  MUSEUM 


outline.  A  better  figure  of  this  type  specimen  is  given  by  Hall  and 
Whitfield  in  1875  (plate  2  figure  13),  where  the  specimen  is  stated 
to  come  from  Cincinnati,  Ohio;  and  Whitfield  and  Hovey,  in  the 
catalog  of  the  types  in  the  American  Museum  (1898,  p.  46)  likewise 
record  the  original  of  the  two  figures  as  coming  from  Cincinnati. 

Ulrich  has  later  (1893,  p.  656)  placed  the  species  under  his  new 
genus  Modiolodon  and  gives  two  more  figures  of  Cincinnati  speci¬ 
mens.  The  species,  as  occurring  about  Cincinnati,  is  thus  well 
determined  in  its  characters.  We  have  never  seen  it  in  the  Pulaski 
rocks  of  New  York,  nor  has  Foerste  observed  it  in  Quebec  or  Ontario 
east.  We  therefore  doubt  that  it  occurs  here. 

The  remark  by  Hall  and  Whitfield  (1875,  P-  86)  that  they  are 
strongly  inclined  to  believe  that  the  Anodontopsis  (Ischy- 
rodonta)  unionoides  Meek  will  prove  to 
belong  to  Modiolopsis  truncatus  leaves 
but  little  doubt  that  the  specimens  from  New  York, 
which  they  had  before  them  and  referred  to  Modi¬ 
olodon  truncatus,  in  fact  belong  to  Meek’s 
species  which  is  very  common  in  our  Lorraine,  also 
about  Rome. 

Genus  Colpomya  Ulrich 
Colpomya  faba  (Emmons)  mut.  pusilla  Foerste 

Colpomya  faba  was  first  figured  but  not 
described  as  Nuculites  faba  by  Emmons 
(1842,  p.  395),  a  specimen  from  the  basal  Trenton  at 
Watertown  serving  as  type.  Hall  (1847,  p.  158) 
described  and  figured  the  species  adequately,  and  also 
referred  to  it  material  from  the  Lorraine  group,  stating 
that  it  is  common  “  both  in  the  shaly  and  arenaceous 
portions  of  the  group,”  or  in  other  words,  in  the  Whetstone  Gulf 
and  Pulaski  formations. 

Foerste  (1914,  P-  275)  has  separated  the  Pulaski  form  as  Col¬ 
pomya  faba-pusilla. 

According  to  this  authority,  the  valves  of  C.  faba-pusilla 
when  compared  with  typical  C.  faba  are  “relatively  higher 
posteriorly  and  lower  at  the  beak,  owing  to  the  stronger  divergences 
of  the  basal  margins  from  the  cardinal  outline,  amounting  frequently 
from  30  to  35  degrees.  The  beak  projects  more  distinctly  above  the 
cardinal  margin,  and  the  cardinal  part  of  the  anterior  margin  rises 
more  nearly  to  the  level  of  the  straight  cardinal  outline  of  the  shell 
posterioi  to  the  beak.  The  mesial  sinus  begins  at  the  beak  as  a 
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Figure  13 
Colpomya 
faba  (Em¬ 
mons)  mut. 
pusilla 
Foerste.  Two 
left  valves, 
natural  size. 
From  Pulas¬ 
ki,  N.  Y. 
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depression  near  the  middle  of  the  umbones;  it  tends  to  be  more 
oblique  than  in  Colpomya  faba,  but  as  a  matter  of  fact, 
the  Lorraine  form  is  scarcely  distinguishable  from  the  Trenton  types. 

C.  faba-pusilla  is  recorded  by  Foerste  as  occurring  at 
Pulaski  below  the  railroad  bridge,  at  the  eastern  edge  of  Lorraine 
village  and  at  the  road  crossing  over  the  creek,  2  miles  west  of 
Worth ville,  and  at  Chambly  in  Quebec.  He  has  not  found  it  at  the 
higher  horizons  of  Pulaski  at  Bennetts  bridge  and  the  Salmon  River 
falls.  Our  observations  have  corroborated  this  result,  for  we  have 
failed  to  collect  it  in  the  Lorraine  section  above  station  25,  or  in 
stations  26  to  32,  corresponding  to  the  greater  part  of  zone  VI  and 
to  zones  VII  and  VIII.  Specimens  are  also  not  infrequently  seen 
in  the  drift-blocks  of  brown-weathering  gray  calcareous  sandstone. 
Miss  Stewart  (1920,  p.  29)  has  recorded  it  from  rocks  of  Pulaski  age 
at  Toronto. 

Colpomya  faba  (Emmons)  mut.  intermedia  nov. 

Plate  5,  figure  9;  plate  20,  figure  6 

Foerste’s  eleborate  description  (1914,  p.  275)  of  the  Pulaski  muta¬ 
tion  of  the  Trenton  species  Colpomya  faba  enables  us  to 
characterize  the  Whetstone  gulf  mutation  by  simply  pointing  out 
its  distinguishing  features  from  both  the  Trenton  types  and  the 
Pulaski  mutation. 

The  specimens  of  the  Whetstone  gulf  shale,  while  attaining  a 
length  equal  to  that  of  the  Pulaski  form,  and  also  a  posterior  height, 
that  as  in  the  latter  form,  is  somewhat  greater  than  half  the  length 
(the  usual  proportion  being  5:3)  are  relatively  higher  in  front,  at 
the  beak,  the  height  here  being  half  the  length,  but  usually  a  little 
more.  The  Whetstone  gulf  forms  thus  approach  the  typical  Trenton 
form  in  the  lesser  difference  between  the  anterior  and  posterior 
heights,  or  rather  are  intermediate  between  the  two.  The  posterior 
margin,  with  rare  exceptions,  is  very  little  oblique  and  well  rounded; 
the  length  of  the  straight  hinge-line  therefore  very  considerable, 
amounting  to  one-half  the  length  of  the  valve  or  more.  The  umbonal 
ridge  is  as  in  p  u  s  i  1 1  a,  the  mesial  sulcus  equally  strongly  defined, 
but  frequently  less  oblique,  70  degrees  or  more  being  an  average 
angle,  formed  by  the  sulcus  with  the  cardinal  outline.  The  beak 
projects  hardly  more  beyond  the  cardinal  line  than  in  typical 
faba. 

Doctor  Ulrich  has  pointed  out  to  me  that  C.  intermedia 
has  not  as  strong  a  dorsal  depression  as  C.  pusilla,  but  stronger 

than  C.  faba. 
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In  one  specimen,  io  mm  long,  the  anterior  height  is  5  mm,  the 
posterior  6.5  mm;  in  another  9  mm  long,  the  anterior  height  is  3.5, 
the  posterior  5  mm;  in  one  8  mm  long,  the  anterior  height  is  3.8  mm; 
the  posterior  4.2  mm;  in  one  6.5  mm  long,  the  anterior  height  is 
3.5  mm,  the  posterior  3.7  mm;  in  a  small  specimen  but  5  mm.  long, 
the  anterior  height  is  2.8  mm,  the  posterior  3  mm. 

It  is  obvious  that  this  mutation  is  intermediate  in  its  character 
between  the  typical  Trenton  form  and  the  Pulaski  mutation  C. 
p  u  s  i  1 1  a. 

Nevertheless,  one  finds  already  in  the  lowest  Whetstone  gulf,  of 
Economy  age,  specimens  that  could  be  properly  placed  under  C. 
p  u  s  i  1 1  a,  and  on  the  other  hand,  others  that  are  more  similar  to 
the  Trenton  forms  than  the  average  material  from  which  this  muta¬ 
tion  has  been  characterized. 

The  surface  is  not  only  provided  with  extremely  fine  growth-lines, 
but  also  with  equidistant  varices  or  projecting  edges,  separated  by 
about  five  of  the  finer  growth-lines;  and  in  one  finely  preserved 
specimen  there  can  be  seen  also  extremely  delicate  radiating  lines 
on  the  posterior  umbonal  slope. 

This  mutation  has  been  observed  at  stations  6,9-10,  12-13,  T4> 
15-16,  20  and  21a  of  the  Lorraine  gulf  section,  stations  5,9,10-11, 
12  and  13  of  the  Whetstone  gulf  section;  stations  10,  12  and  15  of  the 
Mill  creek  section;  n-12  of  the  Moose  creek  section;  and  stations 
4,  8,  9,  10  and  12  of  the  Wood  creek  section.  It  is  further  common 
among  the  black  Lorraine  shale  material  in  the  Rust  collection  from 
the  neighborhood  of  Rome.  Practically  all  the  Colpomya 
f  a  b  a  of  the  Whetstone  Gulf  formation  can  hence  be  placed  under 
this  mutation. 

Genus  Whiteavesia  Ulrich 

Whiteavesia  nasuta  (Conrad) 

Plate  5,  figures  3-6 

This  species  was  first  very  inadequately  described  by  Conrad 
(1841,  p.  52)  under  the  name  of  Cypricardites  nasuta 
as  follows:  “  Narrow,  subelliptical;  anterior  side  rostrated,  acute; 
posterior  margin  very  obliquely  truncated.”  As  locality  is  given, 
Rome,  Oneida  county.  Conrad  did  not  figure  the  species,  the  first 
figure  being  given  by  Emmons  (1842,  p.  403,  figure  4)  who  however 
having  failed  to  recognize  Conrad’s  species,  identified  this  charac- 
testic  fossil  of  the  upper  Pulaski  with  Modiolopsis  modio- 
laris.  It  was,  as  in  most  of  Conrad’s  species,  Hall’s  description 
and  figure  (1847,  P-  2 96)  which  gave  the  name  standing.  Hall 
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recorded  the  species  as  occurring  only  in  the  arenaceous  strata  of 
the  higher  parts  of  the  “  Hudson  River  group  ”,  the  principal 
localities  being  near  Rome  and  Lorraine,  N.  Y. 

The  species  has,  since  Hall’s  description,  been  left  unnoticed  with 
the  exception  of  its  reference  to  Orthodesma  by  Clarke  and  Ruede- 
mann  (1903,  p.  468)  until  Foerste  in  1914  (p.  286)  discussed  its 
characters  and  horizon  very  elaborately. 

The  same  author  has  lately,  (1924,  p.  194),  furnished  a  more 
concise  description,  which  we  quote: 

Outline  oblong,  dorsal  and  ventral  margins  subparallel,  rapidly 
rounded,  and  abruptly  narrowed  anterior  to  the  beaks,  in  a  direction 
at  right  angles  to  the  length,  anterior  portion  of  hinge-line  much 
lower  than  posterior.  Upper  part  of  the  posterior  margin  broadly 
and  obliquely  curved,  rounding  evenly  into  the  posterior  end  of  the 
hinge-line. 

Ulrich  (personal  information) 
places  the  form  under  White- 
avesia,  and  it  has  been  cited  under 
that  generic  designation  in  part  1 , 

Bulletin  258. 

We  have  figured  here  several 
specimens,  partly  to  show  slight 
variations  in  the  outline  and  the 
strength  of  the  concentric  wrinkles, 
and  partly  to  show  the  location  and  size  of  the  faint  anterior  and 
posterior  adductor  muscles  (plate  5,  figure  5).  Two  of  these  are 
old  Museum  specimens,  labelled  “  from  Talcott’s  quarry  ”  near 
Rome  and  hence  presumably  from  Conrad’s  original  locality.  We 
also  have  inserted  a  tracing  of  Foerste’s  photograph  of  Hall’s  type, 
since  this  is  the  first  specimen  figured,  although  a  defective  one,  as 
pointed  out  by  Foerste. 

Foerste  observed  the  species  at  Bennett’s  bridge,  but  not  in  the 
highest  Lorraine  beds  within  a  short  distance  of  the  base  of  the 
Salmon  River  falls;  he  also  found  it  about  a  mile  south  of  Barnes 
Comers,  and  at  Worth ville,  the  best  specimen  being  collected  about 
2 1  miles  east  of  Worthville.  It  was  not  found  at  either  Lorraine 
village  or  Pulaski  and  its  horizon  is  distinctly  above  that  exposed  at 
these  villages.  We  have  collected  the  species  at  stations  27 a,  27 b 
and  28  of  the  Lorraine  section;  it  is  thus  a  member  of  the  faunules 
of  our  zone  VII  and  the  base  of  zone  VIII.  Its  absence  in  the 
middle  and  upper  part  of  zone  VIII  corroborates  Foerste’s  observa¬ 
tion  of  its  absence  in  the  uppermost  Lorraine  beds.  The^latter 


Figure  14  Whiteavesia  n  a  - 
s  u  t  a  (Conrad).  Outline  of 
Hall’s  original  in  vol.  1,  pi.  81, 
fig.  2.  Natural  size. 
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author  (1916,  p.  68,  75)  has  recorded  also  its  occurrence  in  the 
Lorraine  beds  at  Weston,  near  Toronto,  Ontario,  and  Miss  Stewart 
(1920,  p.  38)  in  the  neighborhood  of  the  Humber  river  near  Toronto. 

Genus  Pholadomorpha  Foerste 
Pholadomorpha  pholadiformis  (Hall) 

The  aberrant  species  of  Cincinnatian  lamellibranchs,  principally 
characterized  by  the  transverse  plications  of  the  surface,  which  now 
passes  under  this  name,  was  first  described  and  figured  by  Hall  as 
Modiolopsis  pholadiformis  from  the  western  side  of 
Lake  Michigan,  in  the  Report  on  the  Geology  of  the  Lake  Superior 
Land  District,  1851,  p.  213.  It  was  more  fully  described  from  less 
distorted  material  and  a  better  figure  furnished  in  1875  (p.  85)  by 
Hall  and  Whitfield.  Ulrich  (1897,  p.  514,  1893,  plate  56)  made  known 
its  hinge-structure,  referring  it  to  his  genus  Actinomya,  which  name 
on  being  found  to  be  preoccupied,  was  changed  by  the  same  author 
to  Whiteavesia.  Finally  Foerste  (1914,  p.  277)  furnished  a  very 
elaborate  discussion  of  the  character  and  distribution  of  the  species 
proposing  to  separate  under  Pholadomorpha  forms  in  which  “  the 
plications  along  the  basal  margin  are  broad,  and  more  or  less  trans¬ 
verse  to  the  longitudinal  axis  of  the  shell,  and  posteriorly  are  more 
or  less  divergent  from  the  umbonal  ridge.”  In  1916  (p.  332)  the 
same  author  supplemented  his  former  work  on  the  species  by  showing 
that  half  a  dozen  Richmond  species  of  lamellibranchs  are  synonyms 
of  the  Pholadomorpha  pholadiformis,  being  based 
on  more  or  less  crushed  specimens  or  young  individuals.  If  we  add 
that  Bassler  (1915,  p.  967)  does  not  recognize  the  new  genus  Phola¬ 
domorpha,  a  brief  account  of  the  vicissitudes  of  this  species  and  its 
name  to  the  present  time  is  given.  To  Foerste’s  elaborate  descrip¬ 
tion,  published  in  1914,  has  been  added  a  more  concise  and  accurate 
one  by  the  same  author  in  his  last  publication  (1924,  p.  197),  which 
we  quote: 

Outline  longitudinally  oblong  ovate,  ventral  margin  diverging 
from  the  hinge-line  at  a  moderate  angle,  varying  around  1 5  degrees. 
Beak  broad,  projecting  but  slightly  above  hinge-line.  Anterior  to 
the  beak,  the  upper  margin  rises  to  the  same  height  as  the  hinge¬ 
line  posterior  to  the  same.  The  anterior  margin  extends  about 
one-fifth  of  the  length  of  the  shell  in  front  of  the  beak,  rounding  into 
anterior  part  of  the  hinge-line  with  only  a  moderate  increase  in  its 
convexity.  General  surface  of  the  shell  comparatively  flat,  umbonal 
ridge  being  weakly  defined,  except  near  the  beak.  Slope  beneath 
the  umbonal  ridge  more  or  less  vertically  plicated.  Above  the 
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umbonal  ridge,  especially  toward  the  upper  posterior  margins,  the 
plications  tend  to  be  diverted  diagonally  backward  and  upward. 

P.  pholadiformis  has  its  principal  distribution  in  the 
Richmond  beds  about  Lakes  Michigan  and  Huron,  and  in  Ohio  and 
Indiana.  Doctors  Ulrich  and  Foerste  (Foerste,  1914,  p.  252;  1916, 
p.  7)  discovered  this  species  in  the  uppermost  Lorraine  beds  at 
Bennett’s  bridge,  and  below  the  Salmon  River  falls,  in  Oneida  county, 
N.  Y.,  in  association  with  Ischyrodonta  unionoides, 
etc.  Later  Foerste  (1915,  p.  240,  241)  recorded  its  occurrence  in 
rocks  of  late  Lorraine  and  Richmond  age  in  Quebec  and  Ontario 
east  and  west.  In  New  York  we  have  not  observed  it  outside  of  the 
localities  announced  by  Foerste.  It  thus  seems  that  it  is  found  only 
in  the  last  stage  of  the  Lorraine  and  its  principal  range  is  in  the 
Richmond. 

Pholadomorpha  nasuta  Ulrich  M  S. 

Plate  5,  figures  7  and  8 

While  P.  pholadiformis  occurs  in  the  last  stage  only  of 
the  Pulaski  formation  and  has  its  principal  distribution  in  the  Rich¬ 
mond  it  is  preceded  in  our  Lorraine  sections  by  closely  related  forms. 
One  of  them  has  been  identified  by  Doctor  Ulrich  with  his  manuscript 
species  Pholadomorpha  nasuta. 

Judging  from  the  specimen  here  figured,  the  species  is  distinguished 
from  the  genotype  by  its  longitudinally  oblong  outline,  the  small 
divergence  of  the  ventral  margin  from  the  hinge-line  (about  10 
degrees.)  The  anterior  margin  extends  relatively  as  far  in  front  of 
the  beak  and  rounds  more  sharply  into  the  ventral  margin.  The 
general  surface  of  the  shell  is  more  convex  and  the  umbonal  ridge 
well  defined.  Plications  as  in  the  genotype.  The  holotype  measures 
57  mm  in  length,  21  mm  in  greatest  posterior  height  and  5  mm  in 
convexity. 

Horizon  and  locality.  Upper  Pulaski  beds,  at  stations  28  to  32 
of  the  Lorraine  section,  representing  our  zone  of  Pholadomorpha 
nasuta,  the  last  zone  observable  in  the  Lorraine  gorge  section. 

Remarks.  The  holotype  would  suggest  the  possibility  of  its 
having  been  slightly  compressed  in  dorso- ventral  direction ;  were  it  not 
for  the  regular  oblique  and  undisturbed  course  of  the  umbonal  ridge. 
Another  larger  especimen  (plate  5,  figure  8)  has  an  equally  extended 
but  less  contracted  anterior  part  and  recalls  in  this  character  as  in 
its  outline,  as  far  as  preserved,  P.  chambliensis  Foerste 
which  occurs  in  the  P  r  o  e  t  u  s  zone  of  the  Lorraine  in  Quebec  and 
probably  in  New  York.  The  posterior  margin  which  is  less  oblique 
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in  that  species  than  in  P.  pholadiformis  is  not  preserved  in 
our  specimen. 

Genus  Cymatonota  Ulrich 
Cymatonota  pholadis  (Conrad) 

This  species  was  first  described  but  not  figured  by  Conrad  (1838, 
p.  1 18)  as  Pterinea  pholadis.  His  description  is  “  shell 
profoundly  elongated,  ventricose,  dorsal  and  basal  margins  parallel; 
posterior  side  rugose,  or  with  short  undulations  near  the  dorsal 
margin.  Length  ij  inches.”  As  locality,  the  Lorraine  shale  at 
Pulaski  is  given.  Hall  (1847,  p.  299)  cites  Conrad’s  description  and 
copies  his  figure,  stating  that  he  never  saw  the  specimen.  Ulrich 
(1893,  P-  663)  has  identified  a  form,  with  some  doubt,  with  Con¬ 
rad’s  species,  and  this  doubt  is  also  emphasized  in  Bassler’s  Biblio¬ 
graphic  Index,  p.  338,  in  citing  the  Maysville  of  Cincinnati  as  possibly 
containing  this  species.  Foerste  (1914,  p.  292)  pointing  out  that 
C  .  pholadis  came  from  the  same  locality  as  Hall’s  similar 
species  C.  parallela,  and  that  specimens  referred  to  the 
latter  species  are  common  while  no  other  specimens  having  the 
extreme  elongation  of  pholadis  have  ever  been  found  in  New 
York  subsequent  to  the  original  description,  suggests  that  Conrad’s 
description  of  C.  pholadis  was  based  on  an  aberrant  or  merely 
compressed  specimen  of  Hall’s  species  C.  parallela.  While 
Conrad’s  type  is  5!  times  as  long  as  high,  and  Hall’s  type  of 
parallela  is  a  little  more  than  3  times  as  long  as  high,  a  number 
of  specimens  of  C.  parallela  before  us  average  4  times  as 
long  as  high,  none  ever  approaching  pholadis  in  relative  length. 
Also  the  specimen  figured  by  Foerste  (1914,  plate  1,  figure  14)  as 
C.  pholadis  is  only  4  times  as  long  as  high.  Miss  Stewart 
has  figured  a  shell  of  similar  relative  dimensions  from  the  Don  brick¬ 
yard  at  Toronto. 

Cymatonota  parallela  (Hall) 

Plate  6,  figures  1-5 

Hall  (1847,  P-  299)  distinguished  his  species  Orthonota 
parallela  from  the  O.  pholadis  Conrad  by  its  less  extended 
form  and  greater  width,  the  latter  being  stated  to  be  fully  one-third 
the  length  but,  as  pointed  out  by  Ulrich  (1893,  p.  663),  “he  includes 
two  or  three  distinct  forms. ”  Cymatonota  pholadis 
having  been  rejected  in  the  preceding  chapter  as  being  based  on  an 
abnormal  or  compressed  specimen  that  is  lost,  the  question  arises 
from  Ulrich’s  remarks  whether  Hall’s  species  is  based  on  a  better 
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foundation.  This  question  has  been  answered  by  Foerste  (1914, 
p.  292)  who  by  re-examining  Hall’s  types  in  the  American  Museum 
found  that  the  original  of  his  figures  7 a  and  7 d,  a  worn  internal  cast 
according  to  Whitfield  and  Hovey  (1898,  p.  47),  is  an  Orthodesma 
from  Cincinnati,  that  need  not  be  considered  and  that  only  his 
figure  7 c  is  serviceable  as  type.  This  and  the  original  of  figure  7 b, 
a  cardinal  view,  come  from  Pulaski,  (Whitfield  and  Hovey,  ibid.), 
where  like  specimens  are  not  difficult  to  obtain  and  occur  (Foerste, 
p.  292)  a  short  distance  below  the  railroad  bridge,  in  the  same 
rock  slab  with  Modiodesma  modiolare,  and  I  schy- 
rodonta  unionoides,  and  continue  to  be  found  for  several 
hundred  yards  westward,  where  they  occur  associated  with  Cryp- 
tolithus.  Hall’s  description  is  furthermore  distinctly  based  on 
specimen  7 c,  so  that  the  species  if  emended  to  include  only  forms  of 
the  character  of  this  specimen  will  be  clearly  defined. 

The  characters  of  this  species  are  the  following: 

Shell  of  small  to  medium  size,  elongate,  with  the  dorsal  and  ven¬ 
tral  margins  slightly  diverging,  the  shell  widening  slightly  in  posterior 
direction,  the  length  3J  to  4  times  the  anterior  height,  the  posterior 
height  is  greater  by  about  one-tenth  than  the  anterior,  the  thickness 
about  one-half  the  height;  anterior  end  short,  rounded;  cardinal 
margin  straight,  posterior  margin  rounded  below,  oblique  in  upper 
part;  ventral  margin  straight  or  but  very  slightly  convex.  Beaks 
appressed,  scarcely  prominent,  situated  one-fifth  of  the  length  of 
the  shell  behind  the  anterior  extremity.  Umbonal  ridge  distinct 
anteriorly,  but  becoming  more  rounded  posteriorly.  Surface,  in 
shale  specimens,  with  fine,  very  regular,  filiform  growth-lines  which 
are  distinct  in  front  of  the  umbonal  ridge,  behind  the  latter,  however, 
become  bunched  and  form  oblique  folds  or  undulations  along  the 
hinge-line.  Anterior  adductor  muscle  scar  small,  near  anterior 
extremity ;  posterior  scar  very  faint. 

Horizon  and  locality.  Hall  records  the  species  from  the  soft 
shaly  portions  of  the  Lorraine  at  Pulaski  and  other  places,  and  as 
also  occurring  in  the  ferruginous  sandstones  in  the  higher  parts  of 
the  group.  Foerste  found  the  species  at  Pulaski,  below  the  bridge, 
as  already  noted  before ;  and  the  writer  observed  it  there  also  in  the 
higher  beds  above  the  bridge.  Foerste  did  not  find  it  in  the  upper¬ 
most  horizons  of  the  Lorraine  at  Bennett’s  bridge  and  Salmon  River 
falls,  or  about  Worthville,  but  records  its  occurrence  near  the  head 
of  the  gulf  about  2  miles  west  of  Turin  (1914,  p.  293).  In  Canada 
he  found  it  in  different  localities  and  at  varying  horizons  in  Quebec 
and  Ontario  east,  possibly  also  in  Ontario  west,  near  Ottawa  (1914, 
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p.  64 L).  Bassler  (1915,  p.  338)  records  the  species  as  occurring  in 
the  Pulaski  at  Pulaski,  Lorraine,  etc.,  and  in  the  Maysville  at  Cin¬ 
cinnati,  Ohio.  We  have  found  the  species  at  station  22  a  of  the 
Lorraine  section,  above  and  below  the  railroad  bridge  at  Pulaski, 
as  well  as  in  the  outcrops  of  Whetstone  gulf  shale  several  miles  below 
the  village;  at  stations  7,  10  and  11  of  the  Whetstone  gulf  section, 
stations  13  and  14  of  the  Moose  creek  section  and  stations  8,  9  and 
13  of  the  Wood  creek  section;  everywhere  as  a  rare  fossil.  From 
these  occurrences  it  follows  that  the  species,  as  here  defined,  is  not 
restricted  to  the  Pulaski  beds,  and  is  there  absent  in  the  upper 
horizons.  In  the  Lorraine  section  we  found  it  in  zone  V  at  the  base 
of  the  Pulaski,  at  Pulaski  in  the  Pulaski,  as  well  as  in  zone  IV  of  the 
Whetstone  gulf  shale,  below  the  village;  in  the  Whetstone  gulf 
section  in  zones  I  and  II;  in  the  Moose  creek  section  in  zone  V;  in 
the  Wood  creek  section  in  zones  II  and  V.  This  would  mean  that 
the  species  occurs  nearly  throughout  the  lower  Lorraine  or  Whet¬ 
stone  Gulf  formation,  corresponding  to  the  Eden  in  age,  and  in  the 
Pulaski  formation,  except  the  last  zones.  Specimens  in  our  drift 
material  show  that  it  also  occurs  in  the  calcareous  sandstone  of  the 
Pulaski. 

We  also  have  before  us  specimens  in  dark  gray  to  black  shale  of 
the  lower  Whetstone  Gulf  formation  near  Rome  (Rust  collection). 

Remarks.  Cymatonota  parallela  Hall  differs  from 
C  .  recta  Ulrich,  which  is  also  a  Maysville  form,  essentially  only 
in  size,  the  western  form  attaining  about  the  double  size  of  the 
Pulaski  species;  the  anterior  also  is  distinctly  narrower  in  the 
New  York  form.  Finding  the  specimens  in  the  dark  shales  of  the 
lower  Whetstone  Gulf  formation  as  a  rule  smaller  than  the  typical 
material  and  also  marked  with  stronger  wrinkles  along  the  cardinal 
line,  we  attempted  to  separate  them  from  the  Pulaski  material,  but 
found  them,  at  the  most,  but  varietally  different. 

The  relative  dimensions  are  the  same,  and  the  proportionally 
stronger  cardinal  wrinkles  fade  out  posteriorly  with  advancing  growth. 
The  dorsal  and  ventral  margins  are,  however,  slightly  divergent  and 
the  anterior  portion  a  little  broader  and  the  anterior  part  of  the 
hinge-line  higher  up;  the  variety  in  this  feature  approaching  C  . 
recta.  It  may,  for  this  reason,  be  distinguished  as  mut.  inter¬ 
media  (see  plate  5,  figures  3-5). 

The  genus  Cymatonota  Ulrich  (1893,  p.  661)  represented  by  this 
species  in  our  fauna,  bears  peculiar  characters  which  strongly  suggest 


1  In  his  last  publication  (1924,  p.  175)  he  cites  these  forms  as  approaching 
C.  pholadis. 
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that  C.  parallela  like  its  congener  was  a  burrowing  form. 
The  shell  is  Solen-like,  gaping  more  or  less  at  both  ends,  with  a  long 
straight  hinge-line,  very  thin  and  a  thin  edentulous  hinge-plate. 
This  burrowing  habit  may  also  explain,  why,  in  spite  of  its  obviously 
wide  distribution  and  fairly  long  range,  one  finds  the  shells  but  rarely 
on  the  bedding  planes  with  the  rest  of  the  fossils. 


Genus  Psiloconcha  Ulrich 

Psiloconcha  subovalis  Ulrich 

Plate  6,  figure  6 

Psiloconcha  subovalis  Ulrich.  Geol.  Survey,  Ohio,  vol.  7,  1893, 
p.  666,  pi.  52,  figs.  5-7. 

Psiloconcha  subovalis  Foerste.  Bull.  Sci.  Lab.  Denison  Univ., 
17,  1914,  p.  295,  pi.  2,  fig.  15. 

Psiloconcha  subovalis  Foerste.  Mem.  138,  Geol.  Survey  Canada, 
1925,  p.  195,  pi.  25,  fig.  7;  pi.  30,  fig.  15  a,  6. 

Foerste  (1925,  p.  95)  has  diagnosed  this  species  as  follows: 

Outline  elliptical  lengthwise,  ventral  margin  curving  evenly  into 
anterior  margin,  latter  rounding  rapidly  into  hinge-line.  Hinge-line 
straight.  Length  about  twice  height.  Beaks  very  inconspicuous 
and  located  about  one-sixth  of  the  length  of  the  shell  from  the  ante¬ 
rior  margin.  Umbonal  ridge  fairly  distinct  though  not  at  all 
conspicuous. 

The  species  was  originally  described  from  the  Bellevue  member  of 
the  Maysville,  Morrow,  Ohio.  Foerste  records  similar  forms  from 
the  Waynesville,  St  Hilaire  and  from  certain  strata  at  Huron  river. 
Miss  Stewart  figures  it  from  the  Don  brickyard  and  as  Foerste 
thinks  also  from  the  Humber  vale  quarry,  Toronto,  as  P  .  s u he¬ 
re  c  t  a  .  In  New  York  the  species  has  so  far  been  noticed  only  in 
the  drift  material  of  the  Pulaski  formation  (United  States  National 
Museum,  fide  Ulrich). 

Psiloconcha  sinuata  Ulrich 

Psiloconcha  sinuata  Ulrich.  Geol.  Surv.  Ohio,  7,  1893,  p.  668,  pi. 
52,  figs.  15,  16. 

Psiloconcha  sinuata  Foerste.  Mem.  138,  Geol.  Surv.  Canada, 
1925,  p.  196,  pi.  25,  fig.  6. 

Foerste  defines  the  species  as  follows : 

Outline  elliptical;  length  almost  3  times  the  height.  Mesial  sinus 
sufficiently  distinct  to  produce  a  slightly  concave  outline  along  almost 
the  entire  length  of  the  ventral  margin;  umbonal  ridge  relatively 
distinct.  Hinge-line  about  straight. 
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Psiloconcha  sinuata  occurs  in  the  Maysville  (Bellevue) 
at  Cincinnati;  and  forms  similar  in  outline  are  reported  by  Foerste 
from  the  Lorraine  of  the  Proetus  zone  in  the  Nicolet  river  section, 
Quebec  and  at  St  Hilaire,  Quebec.  Our  specimens  were  found 
associated  with  P.  subovalis  at  station  22a  of  the  Lorraine 
gulf  section  (zone  IV,  or  lowest  Maysville). 

Order  Anomal 0 d e smacea 

Superfamily  Anatinacea 
Family  Pholadellidae  Miller  (emend.) 

Genus  Rhytimya  Ulrich 

Rhytimya  radiata  Ulrich 

Plate  6,  figure  9 

Rhytimya  radiata  Ulrich  (1893,  p.  693),  an  Eden  (South- 
gate)  species  of  Cincinnati  and  vicinity,  has  been  found  in  our  lower 
Lorraine  at  several  stations,  namely  stations  1  and  3  of  the  Wood- 
creek  section,  station  7  of  the  Whetstone  gulf  section  and  station  5 
of  the  Lorraine  gulf  section.  Good  specimens  are  also  found  in  the 
Rust  collection,  on  slabs  of  dark  gray  Lorraine  shale  from  the 
neighborhood  of  Rome. 

It  is  recognized  by  the  following  characters: 

Shell  below  medium  size,  compressed-convex,  elongate,  the  height 
being  to  the  length  as  3  to  8.  Beaks  small,  little  prominent,  about 
one-fifth  of  the  length  of  the  shell  from  the  anterior  extremity; 
umbonal  ridge  very  inconspicuous ;  mesial  sulcus  very  slightly 
developed.  Cardinal  margin  long,  straight  posterior  to  the  beaks, 
declining  anteriorly  at  an  angle  of  about  20  degrees;  anterior  end 
contracted  to  two-thirds  the  height  of  the  shell,  angular  above  and 
uniformly  rounded  below;  ventral  margin  straight  in  the  middle; 
posterior  margin  slightly  oblique  above,  strongly  rounded  below. 
Surface  marked  by  crowded  concentric  growth-lines,  which  in  front 
become  bunched  into  about  eight  strong  folds.  Posterior  half  with 
radiating  lines  bearing  distinct  granules;  the  lines  especially  distinct 
upon  the  post-cardinal  slope,  where  about  twenty  are  counted. 

Rhytimya  compressa  Ulrich 

Plate  6,  figures  7  and  8 

An  elaborate  description  is  furnished  by  the  author  of  the  species 
(Ulrich,  1893,  p.  692).  Foerste  has  lately  (1924,  p.  198)  given  the 
following  brief  description: 
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Valves  of  very  little  convexity,  preumbonal  slopes  flattened, 
without  a  mesial  sulcus,  ventral  outline  gently  convex.  Anterior 
part  of  hinge-line  only  slightly  below  the  level  of  posterior  portion. 
The  posterior  of  the  valve  relatively  tall.  Granules  exceedingly 
small,  radiating  lines  formed  by  them  just  visible  to  the  unassisted 
eye. 

R.  compressa,  like  R.  producta  is  a  Fairmount 
species  of  Cincinnati  and  vicinity.  Foerste  (1916,  p.  245)  has  also 
observed  forms  very  closely  related  to  it  in  Quebec  and  Ontario  east, 
and  Miss  Stewart  (1920,  p.  45)  figures  from  the  Don  brickyard  at 
Toronto  a  form  closely  resembling  it  in  outline.  In  our  sections  it 
has  been  observed  only  at  station  22a  of  the  Lorraine  gulf  section, 
where  it  is  one  of  the  more  common  fossils  and  occurs  in  large  and 
beautifully  preserved  specimens,  which  often  retain  the  fine  radial 
lines  of  minute  tubercles  or  spines  on  the  entire  surface  save  the 
anterior  end;  the  tubercles  increasing  rapidly  in  size  towards  the 
basal  margin,  especially  upon  the  umbonal  region,  where  they  are 
most  distinct. 

Rhytimya  producta  Ulrich 

Plate  6,  figures  10  and  11 

Rhytimya  compressa  Ulrich.  Geol.  Surv.  Ohio,  7,  1893,  p.  688, 
pi.  56,  figs.  6-9. 

Rhytimya  producta,  according  to  Bassler,  is  a  Mays- 
ville  (Fairmount)  form  of  Cincinnati  and  vicinity.  We  have  before 
us  a  representative  specimen  in  dark  gray  shale  from  station  14  of 
the  Whetstone  gulf  section  and  a  specimen  in  gray  sandstone  in  the 
Museum  collection,  labeled  “  Lorraine  Gorge.”  The  beds  at  station 
14  belong  to  zone  V,  which  is  the  basal  zone  of  the  Maysville  observed 
in  the  Lorraine  gulf  section. 

The  specimens  here  figured  are  readily  recognized  as  representing 
this  species  by  their  elongate  form,  rounded  posterior  ends,  sharp, 
regular,  anterior  folds,  fairly  prominent  umbonal  and  anterior  region 
and  well-marked  mesial  sulcus.  The  radiating  series  of  minute 
granules  are  not  preserved. 

Rhytimya  plana  nov. 

Plate  6,  figure  13 

Description.  Shell  elongate,  very  flat,  the  outline  narrowly  sub¬ 
elliptical,  highest  in  the  anterior  third,  height  (8.5  mm.)  equaling 
about  two-fifths  of  the  length  (21  mm).  Cardinal  and  basal  margins 
nearly  straight  and  parallel  in  the  middle  of  the  shell;  anterior  end 
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well  rounded;  posterior  margin  more  narrowly  rounded  in  the  lower 
two-thirds,  very  oblique  and  nearly  straight  in  the  upper  third. 
Beaks  very  small  and  very  little  prominent,  situated  less  than  one- 
fifth  the  length  (4  mm)  from  the  anterior  end.  Posterior  as  well 
as  anterior  umbonal  ridges  and  sulcus  so  faint  that  they  are  barely 
noticeable.  Concentric  surface  markings  quite  distinct  under  a  lens, 
the  posterior  slope  from  the  umbonal  ridge  marked  by  three  or  four 
faint  radial  linear  depressions  extending  from  the  umbo. 

Horizon  and  locality.  Lower  Pulaski  shale,  zone  IV,  station  22a 
of  Lorraine  section. 

Remarks.  We  had  identified  this  flat,  nearly  smooth  form  in  the 
first  part  (Bull.  258,  p.  109)  with  Psiloconcha  subovalis 
(Ulrich) ;  a  note  by  Doctor  Ulrich  suggesting  that  the  form  probably 
is  a  new  Rhytimya  and  the  observation  of  the  radiating  lines  have 
led  to  the  erection  of  this  species.  It  approaches  R.  producta 
with  which  it  is  associated  in  the  Lorraine  section,  in  the  slender 
form,  but  is  flatter,  more  evenly  rounded  in  front  and  the  upper 
posterior  margin  is  distinctly  more  oblique. 

Rhytimya  cancellata  (Walcott) 

This  rare  species  was  described  by  Walcott  (1883,  p.  22)  as 
Modiolopsis  cancellata  from  the  upper  Utica  shale  at 
Holland  Patent,  N.  Y.  It  has  been  referred  by  Ulrich  (1894,  pp. 
504,  628)  to  his  genus  Whiteavesia. 

General  form  subelliptical  convex;  cardinal  line  nearly  straight 
from  the  beak  to  the  posterior  margin ;  anterior  end  rounded  from  the 
cardinal  line  to  the  basal  margin. 

Basal  line  arcuate;  posterior  end  obliquely  truncate;  umbonal 
ridge  broadly  rounded  with  a  uniform  convexity,  to  the  basal  margins. 

Surface  marked  by  strong  concentric  and  radiating  striae,  which 
are  strongly  developed  on  the  posterior  half  of  the  shell ;  the  crossing 
of  the  striae  gives  a  cancellated  appearance  which  is  not  seen  in  the 
closely  related  Modiolopsis  anodontoides.  The  broad  umbonal 
ridge  also  distinguishes  it  from  that  species. 

Bassler  (1915,  p.  1320)  records  the  species  as  occurring  also  in  the 
upper  Trenton  at  West  Covington,  Kentucky;  and  Ulrich  (1893,  p. 
657)  has  suggested  that  it  may  be  based  on  merely  a  young  example 
of  one  of  the  larger  Whiteavesias  as  W.  cincinnatiensis. 

The  type  of  this  species  has  not  been  available  to  the  writer  but 
the  United  States  National  Museum  contains  specimens  from  the 
original  locality,  Holland  Patent,  identified  by  the  author  of  the 
species  as  Modiolopsis  cancellata.  The  best  preserved 
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of  these  plesiotypes  comes  from  the  Frankfort  shale  of  that  locality 
and  is  distinctly  a  Rhytimya,  very  closely  related  to  R.  radiata 
Ulrich.  It  has  in  common  with  that  species  the  general  outline  and 
the  presence  of  radiating  lines  of  fine  tubercles.  It  appears,  however, 
at  an  earlier  horizon  (U tica-Frankf ort  transition  beds  and  Frankfort 
beds),  is  smaller  and  possesses  distinct  radiating  lines  over  the 
entire  surface,  which  bear  granules.  The  radiating  lines  are  more 
closely  arranged  in  radiata  (about  3  in  1  mm) ,  than  in  can- 
c  e  1 1  a  t  a  (2  in  1  mm). 

The  prominence  of  the  radiating  lines  gave  the  species  its  name 
“  cancellata,”  the  enlarged  figure  of  the  surface  sculpture  by  Walcott 
(ibid,  figure  8a)  shows,  however,  distinctly  the  tubercles,  and  his 
figure  8  brings  out  also  the  frontal  folds,  another  feature  character¬ 
istic  of  Rhytimya. 

It  seems  that  Rhytimya  cancellata,  radiata  and 
compressa  form  a  series  of  successive  forms,  increasing  in  size 
and  decreasing  in  the  development  of  the  radial  surface  lines. 

The  plesiotype  before  us  possesses  the  same  length  (17  mm)  as 
Walcott’s  figure,  but  is  somewhat  higher  (7  mm),  although  imperfect 
at  the  ventral  margin. 

Rhytimya  obesa  nov. 

Description.  Shell  of  medium  size  (28.5  mm  long,  slightly  res¬ 
tored;  14  mm  high);  very  convex  (6.5  mm  thick).  Cardinal  and 
basal  margins  subparallel,  cardinal  outline  nearly  straight,  declining 
steeply  in  front  of  beak,  ventral  margin  broadly  sinuate  in  the  middle ; 
posterior  margin  (incomplete)  probably  well-rounded;  anterior  end 
short,  fairly  narrowly  rounded.  Beak  prominent,  full,  incurved; 
situated  less  than  one-fifth  the  length  from  the  anterior  extremity; 
umbonal  ridge  strongly  convex,  broad,  evenly  rounded.  Mesial 
sulcus,  broad,  shallow  but  distinct.  A  small,  but  well-marked 
lunule  in  front  of  the  beaks.  Surface  furnished  with  faint  growth¬ 
lines  and  varices,  the  latter  becoming  prominent  in  front. 

Horizon  and  locality.  We  have  but  one  well-preserved  example 
of  this  species.  This  comes  from  the  drift  near  Trenton  and  is 
preserved  in  the  typical  rusty  weathering  calcareous  sandstone  of 
the  upper  Pulaski  formation. 

Remarks.  This  species  seems  to  be  well  distinguished  from  all  of 
its  congeners  by  its  ventricose  shell.  In  outline  it  approaches  R  . 
byrnesi  (Miller),  a  Richmond  form,  but  is  shorter  and  has  a 
less  developed  median  sulcus. 


54 


NEW  YORK  STATE  MUSEUM 


Rhytimya 

Plate  6,  figure  12 

In  part  1  (Bull.  258,  p.  109)  a  specimen  from  station  22 a  of  the 
Lorraine  gulf  section  has  been  cited  as  Modiolopsis  ana- 
dontoides,  that  by  Doctor  Ulrich  is  considered  a  Rhytimya. 
It  recalls  R.  byrnesi  (Miller),  a  Richmond  form,  and  may 
represent  an  undescribed  species.  It  is,  however,  not  sufficiently 
well  preserved,  its  posterior  margin  lacking,  for  positive  determina¬ 
tion. 

Superfamily  Trigoniacea 
Family  Lyrodesmidae  Ulrich 
Genus  Lyrodesma  Conrad 

Lyrodesma  planum  Conrad 
Plate  7,  figures  5  and  5 a 

Conrad  in  erecting  the  genus  Lyrodesma  in  1841  based  it  on  a 
single  species  L.  planum,  of  which  he  states  that  he  had  several 
specimens  that  came  from  the  “  Salmon  River  sandstone  ”  of  the 
vicinity  of  Rome.  No  further  representatives  of  this  species  have 
apparently  been  found  by  later  collectors,  and  Hall  in  volume  1 
of  Palaeontology  of  New  York,  restricts  himself  to  copying  Conrad’s 
brief  original  description  and  his  manuscript  figure,  stating  that  he 
has  not  himself  seen  the  specimens.  Conrad’s  types  have  been  lost 
and  search  for  other  specimens  in  the  neighborhood  of  Rome  has  so 
far  been  unsuccessful. 

Conrad’s  description  reads: 

Subrhomboidal,  compressed;  posterior  margin  widely  and  obtusely 
truncated;  posterior  basal  margin  rectilinear;  extremity  rounded. 

A  specimen  found  by  us  in  sandy  shale  of  the  upper  Pulaski  beds 
in  the  Lorraine  gulf  section  is  probably  referable  to  Conrad’s  lost 
species.  It  differs  from  the  common  L.  poststriatum  of 
this  horizon  in  just  those  features  which  according  to  Conrad’s 
description  and  figure  would  characterize  his  species.  It  is  distinctly 
more  elongate  in  outline  than  the  associated  congener,  its  length  being 
20  mm,  its  height  12  mm  (in  Conrad’s  figure  respectively  22  and 
13  mm) ;  its  anterior  outline  is  fully  rounded,  passing  roundly  into 
that  of  the  basal  margin  which  is  broadly  convex  but  flattened  toward 
the  postero-basal  angle,  which  is  more  angular  and  extended  than 
in  L.  poststriatum.  The  beak  is  broader  and  less  prominent 
than  in  the  latter  species  and  the  valve  much  compressed,  the  highest 
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part  being  about  one-quarter  the  height  from  the  beak.  The  cardinal 
slope  is  distinct  and  angular,  but  not  as  prominent  as  in  L  .  post¬ 
striatum  and  slightly  convex  backward.  It  forms  an  angle 
of  about  30  degrees  with  the  longitudinal  axis  of  the  valve  and  is 
thus  more  slanting  than  in  L.  poststriatum.  The  cardinal 
slope  is  but  partly  preserved  in  our  specimen.  This  is  not  smooth 
as  in  the  type,  but  shows  about  three  faint  lines.  The  surface  appears 
smooth,  but  is  under  the  lens  seen  to  be  delicately  sculptured  by 
somewhat  wavy  concentric  lines  that  are  very  sharp  but  so  fine  that 
1 5  of  them  are  counted  in  one  millimeter. 

This  specimen  was  found  in  a  small  outcrop  of  sandstone  and  sandy 
shale  in  the  bed  of  the  creek,  3  5  feet  below  station  2  5  of  the  Lorraine 
section  (zone  VI)  of  Lyrodesma  poststriatum  and 
Ischyrodonta  curta. 

Lyrodesma  conradi  Ulrich 

Plate  7,  figures  1-4 

This  Eden  (Southgate)  species  of  the  neighborhood  of  Cincinnati 
is  represented  by  two  specimens  found  in  Wood  creek  in  zone  II 
of  the  lower  Lorraine  beds,  corresponding  to  the  Southgate  zone  of 
the  Eden.  These,  while  both  imperfect,  supplement  each  other  in 
showing  the  characteristic  features  of  the  species  as  described  by 
Ulrich,  from  whom  we  quote  (1893  p.  684) : 

Shell  a  little  oblique,  transversely  subovate,  somewhat  the  highest 
across  the  middle  of  the  posterior  end;  length  15  to  22  mm;  height 
1 1.5  to  15  mm;  thickness  about  half  the  height;  just  beneath  the 
middle  of  the  slightly  oblique  posterior  margin  the  outline  is  a  little 
produced  and  more  narrowly  rounded  than  elsewhere.  Valves 
moderately  convex,  the  posterior  umbonal  ridge  rounded,  not  a 
prominent  feature,  the  beaks  small,  situated  just  within  the  anterior 
third  of  the  length.  Surface  marked  by  very  fine,  closely  arranged, 
sharp  concentric  lines,  crossed  on  the  posterior  cardinal  slope  by 
about  ten  radiating  striae.  Hinge  with  seven  teeth  of  the  usual 
type  in  each  valve.  Adductor  scars  distinct,  the  posterior  one  rather 
small  and  situated  a  very  short  distance  beneath  the  submarginal 
pedal  muscle  impression.  Pallial  line  with  a  small,  although  undeni¬ 
able  posterior  sinus.  A  peculiar  feature  of  the  internal  casts  is  the 
broad  and  shallow  furrow  shown  in  the  figure  just  in  front  of  the 
umbonal  ridge. 

The  characters  by  which  our  specimens  can  be  recognized  as 
falling  within  the  boundaries  of  L.  conradi  are  the  evenly 
convex  surface,  the  rounded  umbonal  ridge,  which  contrasts  in  its 
lack  of  prominency  with  that  of  L.  cincinnatiense  and 
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poststriatum,  and  the  lesser  produced  postventral  part  of 
the  posterior  outline. 

Lyrodesma  poststriatum  (Emmons)  Hall 


Plate  7,  figures  6-10 


This  species  was  figured  but  not  described  by  Emmons  in  the 
Second  District  Report,  and  referred  by  its  author,  as  pointed  out 
by  Foerste,  to  the  Utica  shale,  apparently  because  he  had  found  this 
species  associated  with  Triarthrus  eatoni  and  used  that 
trilobite  as  his  guide  fossil  to  draw  the  boundary  between  the  Utica 
and  Lorraine  beds.  Hall,  in  volume  i  of  the  Palaeontology  of  New 
York,  fully  described  Lyrodesma  poststriatum,  stating 
that  it  occurs  both  “  in  the  shaly  and  arenaceous  part  ”  of  the  Lor¬ 
raine  group,  or  in  other  words  in  the  lower  and  upper  Lorraine;  and 
he  also  referred  a  Trenton  form  from  Carlisle,  Pa.,  to  this  species. 
The  latter  has  later  been  described  by  Ulrich  as  L.  cannonense, 

In  the  study  of  the  Lyrodesmas  of  the  Lorraine  group  of  New  York 
it  has  now  been  found  that  several  species  can  be  distinguished. 
One  of  these  is  identical  with  L.  conradi  Ulrich,  another  with 
L.  cincinnatiense  Hall  and  the  third  and  latest  one  agrees 
with  Emmons’  and  Hall’s  figures  and  description  of  L  .  post¬ 
striatum.  This  latter  has  not  been  found  by  us  in  the  lower 
Lorraine  beds  which  carry  Triarthrus  eatoni  and  we  have 
good  reason  to  doubt  that  it  occurs  there  and  to  believe  that  Emmons 
erred  in  placing  it  there.  Since  his  type  specimen  has  been  lost  and 
the  species  been  emended  by  Hall,  whose  type  came  from  the  upper 
and  Pulaski  division  and  is  available,  it  will  be  best  to  restrict  the 
species  to  the  Pulaski  type  and  thus  avoid  confusion. 

This  upper  Lorraine  species  of  Lyrodesma  for  which  the  name 
“poststriatum”  is  preferable,  is  shown  in  Emmons’  figure  and 
in  Hall’s  figure  10b,  plate  82,  op.  cit.  In  the  original  of  this  figure 
the  upper  part  of  the  anterior  outline  is  more  rotund  than  figured, 
according  to  Foerste. 

The  latter  author  has  recently  (1924,  p.  169)  furnished  the  following 
improved  description: 


Shell  longitudinally  triangular  ovate ;  anterior  outline  evenly 
rounded ;  that  part  of  the  ventral  outline  posterior  to  the  beak  gently 
convex ;  lower  posterior  outline  more  rapidly  rounded  than  any  other 
part  of  the  margin,  but  with  no  tendency  toward  angulation,  as  in 
other  species  of  Lyrodesma.  Upper  posterior  outline  gently  convex 
and  curving  forward  strongly,  merging  into  posterior  part  of  short 
hinge-line.  Umbonal  ridge  relatively  straight  along  the  upper  half 
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of  its  course,  but  along  lower  half  curving  progressively  farther 
backward.  Upper  half  of  umbonal  ridge  strongly  angulate,  but  its 
lower  half  with  angulation  less  pronounced.  Main  body  of  the  shell 
smooth  or  only  faintly  striated  concentrically,  concentric  striae 
sharply  defined  only  along  the  anterior  border.  Along  the  post- 
umbonal  slope  the  radiating  striae  are  crossed  by  concentrically 
arranged  striae  readily  visible  to  the  eye.  Five  rather  strong  plica¬ 
tions  occupy  the  upper  part  of  postumbonal  slope,  directly  beneath 
the  sharp  marginal  border  along  the  top  of  the  ridge.  Lower  part 
of  the  postumbonal  slope  occupied  by  three  or.  four  finer  plications. 
In  addition  to  these  two  sets  of  plications  there  is  a  tendency  toward 
intercalation  of  still  finer  striae,  especially  between  the  larger 
plications. 

To  this  we  may  add  the  following  notes  from  our  material. 

Eight  radially  arranged  and  transversely  striated  cardinal  teeth 
were  observed  in  one  specimen. 

Adductor  scars  quite  distinct  in  casts,  the  anterior  one  supported 
on  the  inside  by  a  clavicle  and  stronger  than  the  smaller  posterior 
one.  Pedal  muscle  impressions  (see  plate  7,  figure  8)  close  to  the 
hinge-line.  Pallial  line  apparently  simple  or  with  a  posterior  sinus. 

Formation  and  locality.  L.  poststriatum  does  not  appear 
until  zone  VI  of  our  Lorraine  section,  or  in  the  third  zone  of  the 
Pulaski  formation.  It  ranges  thence  to  the  top  of  the  formation 
where  it  was  found  by  Doctor  Foerste  at  the  Salmon  River  falls. 
In  zone  VI  of  the  Lorraine  section  it  is  a  common  and  characteristic 
fossil  and  has  therefore  been  named  as  a  guide  fossil  of  that  zone. 
It  is  also  one  of  the  most  common  fossils  in  the  uppermost  beds 
exposed  at  Pulaski. 

Lyrodesma  cincinnatiense  Hall 

Plate  7,  figures  11-16 

Lyrodesma  cincinnatiense  was  described  by  Hall 
(1872,  p.  227  and  1875,  p.  82)  from  the  inner  side  of  the  valves  only. 

The  Pulaski  beds  of  New  York  in  the  Lorraine  section  have  afforded 
specimens  that  according  to  Doctor  Ulrich  in  outline  and  hinge  are 
identical  with  the  Cincinnati  form.  From  these  we  have  derived 
the  following  description: 

Description.  Shell  transversely  subovate,  length  to  width  as 
2:3;  small,  the  average  dimensions  being  length  10-11  mm;  height 
7-7.5  mm;  flat  or  much  compressed  convex;  a  mature  specimen  about 
1  mm  thick;  thickest  near  the  beak  and  sloping  fairly  evenly  to  the 
basal  margin.  Anterior  margin  strongly  rounded,  projecting  most 
in  the  upper  part ;  basal  margin  well  rounded  in  some  and  but  slightly 
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convex  in  other  specimens;  posterior  margin  very  oblique,  forming 
a  sharp  angle  with  the  basal  margin.  Hinge-line  short.  Beaks  small 
and  very  little  prominent,  situated  more  than  one-third  of  the 
length  from  the  anterior  extremity  of  the  valve ;  umbonal  ridge  prom¬ 
inent,  sharp,  sigmoidal,  forming  an  angle  of  40  degrees  with  the 
base.  Cardinal  slope  not  quite  one-quarter  of  surface  of  valve, 
steeply  declining,  slightly  convex,  furnished  with  four  to  ten  striae 
which  vary  greatly  in  size  and  frequently  alternate  with  faint  inter¬ 
calated  lines.  The  remainder  of  the  surface  of  the  valve  is  smooth 
or  shows  only  very  faint  growth-lines.  A  hinge-plate,  possibly  not 
quite  perfect  at  the  anterior  end  bears  six  (originally  possibly  seven) 
hinge  teeth  radiatingly  arranged  and  transversely  crenulated. 

The  muscle-scars  have  not  been  observed. 

Formation  and  locality.  Lyrodesma  cincinnatiense 
is  a  fairly  common  form  in  zone  V  of  the  Lorraine  section,  which  is 
the  second  zone  of  the  Pulaski  formation.  It  has  also  been  recorded 
and  figured  by  Miss  Stewart  (1920,  p.  27)  from  the  Humber  river 
region  near  Toronto.  The  Canadian  form  is  relatively  higher  and 
shorter  in  outline  than  ours. 

Remarks.  This  species  differs  from  the  more  widely  distributed 
L.  poststriatum  in  its  smaller  size,  being  just  half  the  size 
of  the  later  form,  the  more  central  position  of  the  beaks  and  the 
flatter  valves  and  the  umbonal  ridge.  In  general  outline  it  resembles 
that  species  more  than  any  other  congener. 

Class  Gastropoda 
Order  Aspidobranchia 
Family  Acmaeidae  Dali 
Genus  Archinacella  Ulrich  and  Scofield 
Archinacella  subcarinata  nov. 

Plate  8,  figures  1  and  2 

The  Archinacella  of  the  Pulaski  formation  has  been  distinguished 
by  Foerste  from  the  Trenton  form  A.  patelliformis  with 
which  it  had  been  identified  by  Hall.  That  of  the  Whetstone  Gulf 
formation,  or  lower  Lorraine  proves  to  be  nearer  to  A.  patelli¬ 
formis,  but  also  different. 

The  shell  is  smaller  than  that  of  A.  pulaskiensis  and 
about  the  size  of  that  of  A.  patelliformis,  its  average 
size  being  9  mm.  The  largest  specimen  observed  is  12  mm  long, 
7.3  mm  wide  and  2.7  mm  high.  The  form  is  thus  much  more  elon- 
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gate  than  in  pulaskiensis  and  still  slightly  more  so  than  in 
p  a  t  e  1 1  i  f  o  r  m  i  s.  It  is,  moreover,  more  rapidly  contracted  toward 
both  the  anterior  and  posterior  ends,  giving  the  outline  a  somewhat 
biconvex,  lenticular  shape.  In  profile  view  the  shell  is  very  similar 
to  that  of  patelliformis,  but  the  beak  which  is  quite 
pointed,  projects  beyond  the  anterior  margin;  the  anterior  line 
between  the  apex  and  margin  is  moderately  concave,  the  dorsal  line 
rather  evenly  convex,  culminating  anteriorly  of  the  center.  The 
tendency  to  carination  is  more  strongly  developed  than  in  pulaski¬ 
ensis  and  carried  to  the  posterior  margin.  The  surface  is  smooth, 
or  showing  only  faint  growth-lines,  even  in  the  shale,  which  as  a  rule 
beautifully  preserves  the  finest  details  of  surface  sculpture. 

From  A.  pulaskiensis  this  species  differs  in  the  more 
elongate  outline,  more  advanced  beak,  and  carinate  dorsum;  from 
A.  patelliformis  in  the  subacute  anterior  and  posterior 
outlines  and  the  smooth  surface.  The  nearest  relative  of  our  species 
appears  to  be  A.  simulatrix.  U.  &  S.,  a  western  type  of 
Black  River  age.  It  has  a 
similar  sharply  rounded 
high  back  and  wider  an¬ 
terior  half,  but  is  broader 
in  outline. 

Horizon  and  locality.  We 

have  collected  this  species 
at  stations  4  and  22a  of  the 
Lorraine  gulf  section,  sta¬ 
tions  10  and  12  of  the  Mill  creek  section,  11-12  of  the  Moose  creek 
section  and  stations  2,  6,  9  and  10  of  the  Wood  creek  section.  It 
therefore  ranges  throughout  the  Whetstone  Gulf  formation  and 
would  also  seem  to  enter  the  lowest  Pulaski  shales,  thus  overlap¬ 
ping  in  its  range  to  some  extent  with  A.  pulaskiensis. 


M 


1 


is 


16 


Figures  15  and  16  Archinacella  pu¬ 
laskiensis  Foerste.  Natural  size, 
from  Pulaski,  N.  Y.  Foerste's  figures. 


Archinacella  pulaskiensis  Foerste 

Carinaropsis  patelliformis  Hall.  Pal.  N.  Y.,  v.  1,  1847,  pi. 
83,  figs.  7a,  7b. 

Doctor  Foerste  (1914,  p.  309)  describes  this  species  as  follows: 

The  form,  figured  by  Hall  from  the  Lorraine  at  Pulaski,  N.  Y., 
as  Archinacella  (Carinaropsis)  patelliformis, 
differs  in  outline  from  his  Trenton  types,  which  were  derived  from 
the  dark,  compact,  Trenton  limestone  at  Middleville,  N.  Y.  This 
shell  is  broader  and  more  convex  along  the  middle  and  the  outline, 
therefore,  is  rather  broadly  ovate  than  ovate  oblong.  Otherwise, 
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the  two  shells  are  closely  similar.  The  beak  extends  almost  or  fully 
as  far  forward  as  the  anterior  margin  of  the  shell.  It  overhangs 
this  margin  by  an  anterior  slope  which  on  lateral  view  is  not  so 
strongly  concave.  The  beak  is  rather  pointed,  especially  when 
viewed  from  above  and  there  is  a  tendency  toward  carination  for  a 
moderate  distance  posterior  to  the  beak.  The  highest  part  of  the 
shell  is  about  five-twelfths  of  the  length  of  the  shell  from  the  anterior 
margin.  The  shell  is  smooth,  surface  striations  being  faint  or  absent. 

Doctor  Foerste  found  specimens  in  the  Pulaski  beds  at  Pulaski 
below  the  railroad  bridge;  within  the  limits  of  Lorraine  village,  at 
Barnes  Corners  and  Bennett  bridge.  The  writer  has  also  observed 
this  species  at  stations  17,  24-27  of  the  Lorraine  section.  It  would 
thus  seem  to  range  through  all  of  the  Pulaski  formation  and  go  even 
below  it.  Its  geographic  distribution  extends  to  Quebec,  where  it 
occurs  on  the  Richelieu  river,  at  Chambly  (Foerste,  1914,  p.  310), 
and  to  Toronto,  Ontario  (Parks  &  Fritz,  1923,  p.  2). 

Family  Cyrtolitidae  Ulrich  and  Scofield 
Genus  Cyrtolites  Conrad 

Cyrtolites  ornatus  (Conrad) 

Plate  8,  figures  3  and  4 

Cyrtolites  ornatus  is  the  most  characteristic  gastropod 
of  the  Pulaski  formation,  to  which  it  is  restricted,  in  this  State,  and 
throughout  which  it  ranges.  It  was  first  very  briefly  described  but 
not  figured  by  Conrad  in  the  Annual  Geological  Report  for  1838 
and  in  the  Palaeontology  of  New  York,  volume  1  (p.  308,  plate  84, 
figure  1),  was  fully  described  and  figured  by  Hall.  A  still  more 
elaborate  description  has  been  furnished  by  Ulrich  and  Scofield 
(1897,  p.  860) : 

Cyrtolites  ornatus  ranges  in  the  Ohio  basin  through 
the  Maysville  and  Richmond  groups  and  is  found  from  Quebec  to 
Alabama  in  the  south  and  to  Indiana  in  the  west.  In  New  York  it 
was  known  to  Hall  from  the  “  central  and  higher  part  of  the  Hudson 
River  group,  at  Turin,  Boonville,  Rome,  Pulaski,  Washington ville, 
Lorraine,  Rodman  and  other  localities.”  Foerste  (1916,  p.  6,  7) 
has  recorded  its  occurrence  in  the  outcrops  from  Lorraine  village 
to  the  east  of  Worth  ville,  and  in  the  highest  Lorraine  beds  at  Bennett 
bridge  and  Salmon  River  falls.  We  have  observed  it  at  stations  17, 
22  a,  25-27  of  the  Lorraine  gulf  section,  stations  12  and  14  of  the 
Whetstone  gulf  section;  10,  12  and  15  of  the  Mill  creek  section; 
6,  9,  13  and  14  of  the  Wood  creek  section.  This  means,  that  in 
New  York  it  appears  already  in  beds  of  the  Whetstone  Gulf  (Eden) 
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formation,  corresponding  to  the  Southgate  member,  namely,  station 
17  of  Lorraine  section,  station  12  of  Whetstone  Gulf  section,  12 
and  15  of  the  Mill  creek  section  and  6  and  9  of  the  Wood  creek 
section.  In  the  Mill  creek  section  at  station  10  it  even  appears  still 
a  little  earlier  in  very  characteristic  specimens. 

We  also  have  before  us  specimens  with  finely  preserved  reticulate 
surface  in  black  Whetstone  Gulf  shale  with  Triarthrus 
eatoni  from  the  neighborhood  of  Rome  (Rust  purchase,  collected 
by  C.  Valient). 

Considering  that  a  smaller  mutation  of  C.  o  r  n  a  t  u  s,  namely, 
C.  ornatus  minor  Ulrich  and  Scofield,  appears  already 
in  the  Trenton  of  Minnesota  and  New  Jersey;  and  the  species  in 
the  Lorraine  is  really  a  survival  of  earlier  times,  it  is  hardly  to  be 
wondered  that  it  should  be  found  at  earlier  levels  in  different  regions. 

Family  Sinuitidae  Dali  and  Bassler 
Genus  Sinuites  Koken 

Sinuites  planodorsatus  (Ulrich) 

Plate  8,  figure  5 

S.  planodorsatus  is  briefly  characterized  by  Ulrich  (1897, 
p.  871)  as  follows: 

Of  this  species  we  have  six  specimens.  These  show  that  it  is  of 
the  type  of  P.  granistriata  —  perhaps  it  should  be  called  a 
variety  of  that  species  —  differing  in  having  the  flattening  of  the 
back  of  the  last  volution  much  more  decided,  while  the  central 
ridge  is  wanting  entirely,  at  any  rate  it  is  so  for  the  outer  volution. 
The  dorsum  of  the  volutions  seems  to  be  rather  narrowly  rounded. 
The  surface  markings  are  essentially  the  same  in  the  two  forms,  as  is 
also  the  form  of  the  aperture  and  the  dimensions,  the  largest  speci¬ 
men  being  about  24  mm  in  height. 

The  broad  dorsal  flattening  will  distinguish  P.  planodor¬ 
satus  at  once  from  all  other  species  of  the  genus  and  family  known. 

The  species  has  so  far  been  known  only  from  the  Eden  (South- 
gate)  of  Covington,  Kentucky.  Doctor  Ulrich  while  looking  over 
my  material  recognized  it  in  specimens  from  station  1  of  the  Wood 
creek  section.  It  there  occurs  also  at  station  9,  where  it  fills  a 
thin  band,  and  it  has  further  been  observed  at  station  9  of  the  Moose 
creek  section.  It  thus  appears  here  already  in  beds  of  Economy 
age  and  continues  through  the  Southgate  age.  Two  characteristic 
specimens  were  also  seen  in  the  United  States  National  Museum 
from  the  lower  Lorraine  shale,  ij  miles  east  of  Rome,  N.  Y. 

There  is  no  doubt  that  also  scattered  individuals  of  Sinuites  in 
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the  Pulaski  formation  exhibit  a  distinctly  flattened  dorsum  (see  plate 
8  figure  6)  while  otherwise  referable  to  S.  cancellatus. 

Sinuites  cancellatus  (Hall) 

Plate  8,  figure  6 

This  common  Lorraine  fossil  is  generally  known  as  Bel¬ 
le  r  o  p  h  o  n  bilobatus  Sowerby,  because  Emmons  (1842 , 
p.  392),  who  first  figured  it,  identified  it  with  Sowerby’s  species 
and  was  strongly  corroborated  in  this  by  Hall  (1847,  p.  184). 
Ulrich  and  Scofield  (1897,  P-  872),  however,  came  to  the  conviction 
that  the  common  bellerophontid  of  our  Trenton  and  Lorraine  groups, 
that  had  passed  under  the  name  “bilobatus,”  is  specifically 
different  and  since  Hall  had  distinguished  the  Lorraine  occurrence  of 
the  form  with  preserved  cancellated  sculpture  as  Bellerophon 
cancellatus  (1847,  P-  307),  this  name  acquired  priority. 

Koken  (1896,  p.  392)  as  well  as  Ulrich  and  Scofield  (1897,  p.  867) 
recognized  the  fact  at  about  the  same  time,  that  the  genus  Bel¬ 
lerophon  Montfort,  as  restricted  by  Waagen,  could  not  any  more 
include  forms  like  cancellatus,  that  lack  the  slit-band  and 
have  a  wide  sinus  in  the  outer  lip,  Koken  proposing  for  them  the 
name  of  “  Sinuites,”  Ulrich  and  Scofield  that  of  “  Protowarthia  ”. 
Although  the  latter  name  was  at  once  adopted  by  American  palaeon¬ 
tologists,  it  had  to  yield  to  the  slight  priority  of  the  other  term 
Sinuites,  brought  forward  by  Dali  in  Zittel-Eastman’s  Textbook, 
2  ed.  1913.  Thus  the  well-known  “Bellerophon  bilo¬ 
batus”  of  the  collectors  has,  by  stages,  been  transformed  into 
Sinuites  cancellatus. 

Sinuites  cancellatus  has  been  described  by  Hall 
(1847,  p.  184,  307)  and  fully  discussed  in  the  various  aspects  owing 
to  its  great  range,  by  Ulrich  and  Scofield  (1897,  p.  872).  By  these 
authors  and  our  material  it  is  brought  out  that  S.  cancellatus 
is  of  medium  to  large  size,  reaching  its  largest  size  in  the  Lorraine 
formation.  Its  general  form  is  subglobose,  owing  to  its  rather  close 
coiling  and  the  well-rounded  back  of  the  volutions.  Its  aperture 
is  transverse,  about  twice  as  wide  as  high,  its  width  equalling  the 
height  of  the  entire  shell.  The  apertural  lobes  possess  a  rounded 
outline  and  the  sinus  in  the  outer  lip  is  broadly  rounded.  Shell 
composed  of  several  layers,  the  outermost  of  which,  rarely  preserved, 
carries  a  beautiful  pattern  of  fine  transverse  and  revolving  lines, 
so  fine  that  they  are  barely  visible  to  the  naked  eye;  six  of  the 
revolving  lines  being  counted  within  1  mm  in  the  Lorraine  material. 
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This  pattern  is  near  the  umbilicus  replaced  by  one  of  irregular  or 
wavy  revolving  lines.  Usually  only  the  inner  layer  is  preserved 
and  the  shell  smooth. 

The  specimen  here  reproduced  in  pi.  8  fig.  6,  of  unusual  size,  also 
found  in  the  Lorraine  material,  is  more  than  twice  the  size  of  the 
average  Trenton  representatives. 

S.  cancellatus  is  very  common  in  the  impure  limestone 
beds  of  the  Pulaski  formation,  where  it  is  always  smooth.  Its  can¬ 
cellated  surface  is  frequently  well  preserved  in  shales  of  that  forma¬ 
tion  where,  however,  the  shape  is  lost  through  compression.  In  the 
Whetstone  Gulf  shales  the  species  is  present  but  rare  and  the  genus 
more  frequently  represented  by  the  next  species,  S.  grani- 
s  t  r  i  a  t  u  s  and  S.  planodorsatus. 

Sinuites  granistriatus  (Ulrich) 

Plate  8,  figures  7  and  8 

For  original  description  see  Ulrich  (1897,  p.  870). 

This  species  is  said  by  Ulrich  to  be  near  S.  cancellatus 
“  but  that  species  has  a  slightly  deeper  sinus,  and  a  rounder  back, 
the  back  never  being  flattened,  nor  is  there  ever  a  sign  of  the  low 
dorsal  ridge  and  obscure  furrows  characterizing  P .  grani- 
striata/’ 

Horizon  and  locality.  Thus  far  this  species  has  been  known  only 
from  the  Eden  (Southgate)  of  Cincinnati,  Ohio,  and  vicinity.  We 
have  observed  specimens  of  S.  granistriatus  at  station  17 
of  the  Lorraine  gulf  section  and  station  8  of  the  Wood  creek  section 
and  station  9  of  the  Whetstone  gulf  section.  The  first  two  of  these 
localities  are  in  our  zone  II  (Southgate  member)  and  the  last  may 
be  a  little  older  and  of  Economy  age.  A  number  of  specimens, 
beautifully  preserving  the  sculpture,  were  also  found,  in  a  collec¬ 
tion  of  fossils  from  the  dark  shales  of  the  lower  Whetstone  Gulf 
formation  “  near  Rome  ”  in  the  Rust  collection,  now  in  the  State 
Museum  and  in  the  United  States  National  Museum  (“  ij  miles 
east  of  Rome  ”). 

Family  Bucaniidae  Ulrich 
Genus  Tetranota  Ulrich  and  Scofield 

Tetranota  rugosa  (Emmons) 

Plate  8,  figure  9 

Emmons  (1855,  p.  166)  has  described  this  species  as  follows: 

Volutions  about  three,  larger  angulated  and  the  larger  part  covered 
with  striae,  sharply  arched  upon  the  wide,  dorsal,  grooved  band 
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at  the  curve,  both  the  striae  and  band  are  discontinued  and  replaced 
by  rather  distant  waving  lines;  aperture  undetermined  (Rare). 
Loraine  shales  and  sandstone,  Loraine,  Jefferson  county,  N.  Y. 

We  have  obtained  but  a  single  specimen,  of  this  obviously  rare 
species,  at  Station  17  of  the  Lorraine  gulf  section;  or  in  beds  corre¬ 
sponding  to  our  zone  II  of  the  Whetstone  Gulf  formation,  an 
to  the  Southgate  member  of  the  Eden.  It  can  not  be  established 
any  more  from  which  horizon  Emmons’  type  came  and  whether  he 
may  not  have  found  it  in  the  upper  or  Pulaski  division. 

Our  specimen  is  considerably  smaller  than  the  holotype  if  the  latter 
is  drawn  in  natural  size;  but  agrees  with  it  in  general  outline,  as 
far  as  the  latter  can  be  made  out  in  the  considerably  flattened  and 
imperfect  specimen,  as  especially  in  the  large  relative  width  and 
depression  of  the  slit-band,  the  sharpness  of  the  striae  and  the 
depressed  zones  on  either  side  of  the  slit-band.  By  the  depressed 
and  broad  slit-band  and  the  paralleling  depressions  on  both  sides 
of  it,  B.  r  u  g  o  s  u  s  is  readily  distinguished  from  two  congeners 
that  might  occur  in  our  Lorraine,  namely,  B.  cincinnatiensis 
Miller  and  Faber  (1894,  p.  29),  a  Maysville  form  of  Cincinnati,  and 
B.  recurvus  Ulrich  (1897,  p.  920),  a  Maysville  (Corryville) 
species  of  the  same  region.  Both  are  keeled  on  the  dorsal  side. 

The  slit-band  in  our  specimen  is  slightly  concave  and  nearly 
smooth;  in  oblique  light,  however,  showing  indistinct  lunulae.  Its 
margins  are  sharply  defined,  although  hardly  raised,  as  in  b  i  li¬ 
ne  a  t  u  s  and  other  species.  The  growth-lines  are  very  sharp,  fili¬ 
form,  and  evenly  spaced.  The  whorls  were  rather  broad,  inflated, 
though  distinctly  depressed  on  both  sides  of  the  slit-band.  The 
aperture  was  but  little  expanded  laterally;  and  as  shown  by  the 
strong  posterior  curve  of  the  growth-lines  on  the  dorsum,  provided 
with  a  deep  central  emagination  leading  into  the  slit-band.  The 
lower  lip  and  the  umbilicus  have  not  been  observed. 

Family  Pleurotomariidae  d’  Orbigny 
Genus  Lophospira  Whitfield 
Lophospira  bowdeni  (Safford) 

Plate  8,  figure  10 

This,  the  Murchisonia  bowdeni  of  Safford  (Geology 
of  Tennessee,  1869,  plate  3  (U),  figures  2a-2c),  is  a  long  range  form 
that  lived  from  Trenton  to  Richmond  time  and  occurs  from  Ten¬ 
nessee  to  Quebec  and  Ontario  (Foerste,  1916,  p.  253).  In  New 
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York  it  has  been  observed  only  in  the  highest  horizons  of  the  Lorraine 
gulf  section  (stations  25  and  27 a,  at  the  former  of  which  it  is  very 
common) ,  at  Pulaski  and  in  the  brown  drift  blocks  derived  from  the 
upper  Pulaski  beds. 

The  species  has  been  elaborately  described  in  all  the  variations 
incidental  to  its  wide  range,  by  Ulrich  and  Scofield  (1897,  p.  986). 

Foerste,  who  has  separated  the  forms  with  larger  apical  angle, 
occurring  in  the  Waynesville,  as  L.  beatrice  gives  the  follow¬ 
ing  brief  description  of  the  restricted  species  L.  bowdeni: 

Apical  angle  averaging  about  27  degrees;  volutions  eight  to  ten; 
peripheral  angle  only  moderately  prominent.  Upper  slope  of  whorls 
obscurely  carinated  near  the  suture,  but  more  or  less  concave  between 
this  carination  and  the  peripheral  band.  Along  the  lower  side  of 
the  body  whorl  is  another  carination,  usually  obscure  and  never 
sharp.  Umbilicus  minute,  usually  more  or  less  covered  by  the 
reflexed  inner  lip  of  the  aperture.  Surface  striae  curving  backward 
into  a  strong  V-shaped  notch  at  the  peripheral  band. 

Lophospira  cf.  bicincta  (Hall) 

The  presence  of  Lophospira  bicincta  (Hall) ,  the 
Murchisonia  bicincta  Hall  of  the  Trenton  limestone, 
in  the  Lorraine  beds  is  at  least  suggested,  although  not  proved,  by 
the  occurrence  of  internal  casts  showing  a  carina  both  above  and 
below  the  raised  slit-band.  Since  this  species  in  the  West  ranges 
from  the  Stones  River  to  the  Richmond,  its  presence  in  our  Lorraine 
would  be  neither  strange,  nor  of  any  great  importance,  the  species, 
on  account  of  its  long  range  being  of  little  stratigraphic  importance. 

Lophospira  abbreviata  (Hall) 

Plate  8,  figures  n-13 

The  small  gastropod  designated  by  this  name  was  originally 
briefly  described  by  Hall  as  Murchisonia  uniangulata 
var.  abbreviata  (1847^.304).  Foerste  (1914,  p.311)  has 
more  fully  described  it  from  the  originals,  deposited  in  the  American 
Museum  of  Natural  History. 

The  species  .  .  .  belongs  to  the  Robusta  section  of  the  genus 
Lophospira,  as  divided  by  Ulrich  in  his  Monograph  of  the  Lower 
Silurian  Gastropoda  of  Minnesota.  The  type  of  Lophospira 
abbreviata  was  found  at  Pulaski,  in  rock  containing  Calymene, 
Orthoceras  with  transverse  striae  as  in  Orthoceras  lamel- 
losum,  Cyrtolites  ornatus,  Ho  rmotoma  graci¬ 
lis,  Byssonychia  radiata,  and  the  common  Lorraine 
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form  of  Dalmanella.  Apical  angle  between  60  and  65  degrees.  The 
transverse  striae  form  a  strongly  reentrant  angle  toward  the  peri¬ 
pheral  band.  This  band  is  tricarinate,  or  trilineate ;  in  typical  speci¬ 
mens,  the  middle  line  is  scarcely  more  prominent  than  the  other  two; 
the  intermediate  spaces  are  concave.  The  slope  of  the  whorl  above 
the  peripheral  band  is  gently  convex  excepting  in  the  immediate 
vicinity  of  the  band  where  it  is  gently  concave.  That  part  of  the 
whorl  which  is  below  the  peripheral  band  is  evenly  and  somewhat 
more  strongly  convex.  In  one  specimen  there  is  a  trace  of  a  revolv¬ 
ing  angulation  very  much  farther  down  than  in  Lophospira 
1  i  r  a  t  a  ,  Ulrich.  “  Shells  of  this  type,  with  subrotund  whorls  and 
trilineate  peripheral  bands,  the  three  lines  nearly  subequal,  appear 
sufficiently  distinct  from  the  typical  forms  of  Lophospira  to  receive 
a  distinct  designation,”  for  which  the  term  “  Ruedemannia  ”  was 
selected  by  Doctor  Foerste.1 

Hall  records  the  species  as  occurring  “  in  the  calcareous  higher 
portions  of  the  group  at  Turin,  Lewis  county,  and  in  a  similar  situation 
near  Rome,  Oneida  county.”  (Namely,  in  the  Pulaski  formation.) 
Whitfield  and  Hovey  (1898,  p.  52-53),  give,  however,  Pulaski  as 
the  locality  of  the  type  specimen,  plate  83,  figure  2 a,  and  are  cor¬ 
roborated  in  this  by  Foerste,  who  further  states  that  the  type  of 
Hall’s  figure  2 b  (not  recorded  by  Whitfield  and  Hovey)  is  on  the 
same  slab  with  the  type  of  Ormoceras  crebriseptum 
(plate  87,  figure  2 b  op.  cit.)  which  is  also  recorded  in  the  catalog  of 
the  fossils  of  the  American  Museum  as  coming  from  Pulaski,  N.  Y. 
The  original  of  figure  2 d  comes  from  the  Mohawk  valley  and  probably 
does  not  belong  here. 

This  species  is  one  of  the  rare  Lorraine  fossils.  Foerste  (1916) 
does  not  record  having  observed  it  either  in  New  York  or  Canada 
and  the  writer  has  found  it  only  at  three  places,  namely,  station  21 
of  the  Lorraine  gulf  section,  and  station  12  of  the  Whetstone  gulf 
and  Mill  creek  sections.  It  would  thus  seem  to  appear  already  in 
the  Whetstone  Gulf  formation  (zones  II  and  III)  and  reach  its 
principal  development  in  the  lower  Pulaski  formation. 

The  ferruginous  drift  blocks  of  the  Pulaski  limestone  sometimes 
contain  the  internal  casts  of  this  species  in  great  profusion,  thereby 
demonstrating  its  abundance  at  certain  as  yet  undetermined  horizons 
of  the  Pulaski  formation.  These  specimens  while  attaining  twice 

1  Regarding  this  new  term  Dr.  Foerste  states  in  his  last  publication  (1924, 
p.  21 1):  “  The  term  Ruedemannia  "  was  intended  to  cover  those  species  of 

Lophospira  which  were  included  by  Ulrich  in  his  L.  robusta  group,  but 
the  species  L  .  1  i  r  a  t  a  Ulrich  was  chosen  as  the  type.  This  is  a  species 
having  a  distinctly  trilineate  peripheral  band,  as  in  a  typical  Lophospira,  but  the 
whorls  are  rotund  rather  than  angular  and  the  lower  surface  of  the  body  whorl 
is  striated  parallel  to  the  band. 
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the  size  of  Hall’s  types,  agree  with  them  in  the  apical  angle,  number 
(four)  and  character  of  volutions.  Traces  of  the  tricarinate  band 
are  noticeable  in  squeezes  of  the  external  moulds. 

Lophospira  lirata  Ulrich 

Two  imperfect  specimens  (last  whorls)  from  the  lower  Whetstone 
Gulf  shale,  ij  miles  east  of  Rome,  N.  Y.,  now  in  the  United  States 
National  Museum  (no.  23570)  exhibit  the  essential  characters  of 
L  .  lirata  Ulrich,  namely,  a  convex  slightly  prominent,  median, 
trilineate  band,  flanked  on  the  upper  and  lower  slopes  by  rather 
weak  carinae.  Below  the  lower  carina  faint  traces  of  a'  number  of 
revolving  ribs  can  be  noticed.  The  upper  slope  is  flat  or  gently 
concave  between  the  carinae,  the  lower  gently  concave  between  the 
median  band  and  the  carina,  and  convex  below.  The  growth-lines 
are  delicate,  and  hardly  noticeable,  more  as  in  L.  tenuistriata 
Ulrich,  while  the  typical  lirata  has  sharp,  threadlike  transverse 
lines.  The  obscuration  of  the  originally  sharp  growth-lines  is, 
however,  explained  by  the  complete  solution  of  the  shell  and  the 
resulting  combination  of  the  outer  and  inner  surfaces  and  flattening 
of  surface  sculpture  in  much  of  the  shale  material. 

Lophospira  lirata  Ulrich  has  before  been  observed  only 
in  the  lower  Eden  (Economy  and  Southgate)  of  Cincinnati  and 
vicinity.  From  Plethospira  quadricarinata  nov. 
which  occurs  in  the  same  horizon,  it  is  readily  distinguished  by  the 
convex  trilineate  band. 

Genus  Hormotoma  Salter 

Hormotoma  gracilis  (Hall)  var.  sublaxa  Ulrich  and  Scofield 

Plate  8,  figure  14 

This  common  form  of  the  Lorraine  beds  of  New  York  is  the 
Murchisonia  gracilis  of  Hall  (Palaeontology  of  New 
York,  volume  1).  The  type-material  of  the  species  is  derived  from 
the  Trenton  limestone,  but  the  extension  of  the  species  into  Lorraine 
time  is  there  recorded  (ibid.  p.  308),  Hall  stating:  “  This  species  is 
abundant  in  the  shales  and  calcareous  portions  of  the  sandstones  of 
this  group,  but  I  have  never  been  able  to  obtain  one  where  the  shell 
is  preserved.”  It  is  further  said  by  the  same  author  that  it  occurs 
throughout  the  group,  and  is  one  of  the  most  common  forms  at 
Turin,  Lorraine,  Washingtonville,  Pulaski  and  Rome.  We  have 
found  it  to  be  rather  rare  in  the  Whetstone  Gulf  formation,  but 
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becoming  common  in  the  Pulaski  beds.  In  the  Lorraine  gulf  section, 
it  occurs  at  stations  17,  21a,  22 a,  24-27.  It  is  thus  again  absent  in 
the  upper  Pulaski  horizons  of  the  Lorraine  section,  an  observation 
in  accordance  with  its  absence  in  the  highest  Lorraine  beds  exposed 
at  Bennett  bridge  and  Salmon  River  falls,  recorded  by  Foerste 
(1916,  p.  7).  It  reappears,  however,  in  the  Richmond  beds  (see 
Bassler  1915,  p.  645). 

Foerste  has  referred  the  occurrences  of  Hormotoma 
gracilis  in  the  Lorraine  beds  to  the  var.  s  u  b  1  a  x  a  Ulrich 
and  Scofield  (1897,  p.  1015).  This  latter,  recognized  by  its  authors 
from  material  of  the  Black  River  (Auburn  —  Decorah)  limestone  of 
Missouri,  is  distinguished  from  the  typical  gracilis  “by  its 
rather  loosely  coiled  volutions,  deep  oblique  suture,  and  wide  band.” 

The  Lorraine  material  obtained  by  us  is  equally  deficient  with 
that  figured  by  Hall  in  exhibiting  the  surface  sculpture.  We  there¬ 
fore  refer  here  to  Ulrich  and  Scofield’s  figures,  taken  from  the  better 
preserved  Black  River  material,  for  illustrations  of  this  common 
Lorraine  form.  These  authors  have  also  furnished  a  full  description 
of  the  species  and  its  varieties  (1897,  P-  1014  ff.). 

Hormotoma  salteri  Ulrich 

A  specimen  from  the  lower  Pulaski  shale  of  the  Lorraine  section, 
where  it  is  associated  on  the  same  slab  with  Glyptorthis 
crispata,  is  at  once  distinguished  from  H.  gracilis  sub- 
la  x  a  ,  by  its  greater  size  (33mm  long,  corresponding  to  a  complete 
specimen  of  37  mm  length,  and  12.3  mm  wide  at  the  last  volution) 
and  its  greater  apical  angle  (23  degrees).  It  agrees  in  these  features 
with  H.  salteri, a  species  hitherto  only  cited  from  the  Trenton 
group.  Ulrich  describes  this  species,  the  Murchisonia 
(Hormotoma)  gracilis  Salter,  (non  Hall)  (1859,  p.  22) 
as  follows : 

Height  25  to  40  mm;  apical  angle  20  degrees  to  24  degrees  in 
typical  form;  volutions  nine  or  ten,  rounded,  more  or  less  distinctly 
thickened  above  at  the  suture  and  flat  or  concave  just  beneath; 
band  rather  wide,  flat  or  slightly  concave,  a  trifle  beneath  the  center 
in  the  typical  form;  lines  of  growth  unequal,  rather  fine,  never  sharp. 

He  adds  that  it  is  a  larger  shell  and  has  a  wider  apical  angle  than 
H  .  gracilis;  and  that  in  the  typical  form  the  thickening  of 
the  upper  edge  is  usually  a  well-marked  feature.  This  thickening 
is  also  plainly  visible  in  our  specimen  and  represented  in  the  figure. 
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Genus  Liospira  Ulrich  and  Scofield 

Liospira  micula  (Hall) 

Plate  8,  figures  15-18 

This  common  species  of  the  New  York  Lorraine  was  first  figured 
but  not  described  by  Hall  (1862,  p.  55,  figure  1).  It  has  since  been 
described  by  Ulrich  and  Scofield  (1897,  P-  995)  and  Weller  (1903,  p. 
183)  and  is  known  to  range  from  the  Trenton  formation  into  the 
Richmond,  and  to  occur  from  Wisconsin  to  New  Jersey  and  Quebec 
(fide  Foerste). 

In  the  Lorraine  beds  of  New  York  it  is  found  in  the  shaly  layers; 
is  therefore  always  more  or  less  compressed  and  little  favorable  to 
the  elucidation  of  its  characters,  which  according  to  Ulrich, 
Scofield  and  Weller  are  as  follows : 

Shell  small,  discoidal-lenticular,  consisting  of  about  four  volutions. 
The  umbilicus  filled  by  a  perfectly  smooth,  rather  distinctly  outlined 
concave,  reflexed  callosity  of  the  inner  lip.  The  sutures  very  shallow ; 
the  spire  forming  an  almost  continuous,  even  slope  from  the  apex 
to  the  periphery,  the  apical  angle  being  from  120  degrees  to  127 
degrees.  The  periphery  of  the  outer  volution  is  sharply  angular 
in  the  casts,  but  is  more  rounded  when  the  shell  is  preserved.  The 
volutions  subrhomboidal  in  section.  The  aperture  irregularly 
triangular  in  outline,  wider  than  high,  the  inner  lip  nearly  vertical. 
The  surface  markings  usually  consist  of  fine  lines  of  growth  only, 
but  nearly  all  of  the  best  specimens  show  traces  of  an  exceedingly 
fine  set  of  revolving  lines.  On  the  under  surface  of  the  whorls 
the  lines  of  growth  make  a  broad  curve,  the  inner  half  being  the 
most  curved.  The  band,  which  occupies  the  periphery,  is  dis¬ 
tinguishable  only  on  the  best  specimens. 

The  average  size  of  L  .  micula  is  given  as  9-12  mm,  in  some 
of  our  Lorraine  horizons  the  specimens  reach  little  beyond  5  mm 
while  in  others  they  attain  their  full  size.  Those  here  figured  are 
from  a  locality  just  above  the  railroad  bridge  at  Pulaski.  The 
species  has  also  been  collected  in  the  Lorraine  gulf  section  (stations 
4,  6,  7,  8,  9-10,  11,  12-13,  14,  22 a,  especially  common  at  9-10)  in 
the  Whetstone  gulf  (stations  5,  6,  9,  14);  Mill  creek  (station  9), 
Moose  creek  (stations  8,  9,  11-12)  and  Wood  creek  (2,  4,  6,  8,  9,  10). 
It  is  much  more  common  in  the  shales  of  the  lower  Lorraine  (Whet¬ 
stone  Gulf  formation)  than  in  those  of  the  lower  upper  Lorraine 
(lower  Pulaski)  and  has  not  been  observed  in  the  upper  Pulaski 
horizons. 

To  give  a  better  conception  of  the  appearance  of  this  common 
Lorraine  form  than  our  crushed  specimens  afford,  we  have  also 
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copied  Ulrich’s  excellent  drawings  of  a  specimen  from  the  Fulton  of 
Covington,  Kentucky. 

The  specimens  from  the  Utica  shale  of  the  Mohawk  valley  and  the 
lower  shales  of  the  Lorraine  group  at  Turin  and  Pulaski,  figured 
by  Hall  in  Palaeontology  of  New  York,  volume  i,  plate  83,  figures  5a, 
5b  as  “  Pleurotomaria  (species  undetermined),”  probably  belong  also 
to  this  species.  One  of  these  (type  of  figure  56)  is  preserved  in  the 
American  Museum  of  Natural  History  in  an  embedded  cast. 

Liospira  vitruvia  (Billings) 

Plate  8,  figure  19 

Liospira  vitruvia,  first  described  by  Billings  (1865,  p. 
1 7 1)  as  Pleurotomaria  vitruvia,  but  not  figured,  from 
the  Black  River  limestone  of  Pauquette’s  rapids  on  the  Ottawa 
river,  is  not  rare  in  the  Whetstone  Gulf  shale  in  the  neighborhood  of 
Rome,  but  always  completely  flattened  out  and  therefore  only 
recognizable  by  its  outline  and  size. 

The  species  is  now  known  to  range  from  the  Black  River  group 
into  the  Richmond  and  to  extend  from  Wisconsin  to  Quebec.  It 
has  been  redescribed  and  excellently  figured  by  Ulrich  and  Scofield 
(1897,  p.  995). 

The  principal  peculiarities  of  the  species,  which  reaches,  in  the 
average,  a  size  of  25  mm,  occur  on  the  underside ;  they  consist  notably 
of  the  open  umbilicus  with  its  angular  margin  and  flattened  sides, 
and  the  unusual  prominence  of  the  central  portion  of  the  outline 
of  the  lower  lip. 

Genus  Seelya  Ulrich 

Seelya  sp.  nov. 

Plate  9,  figure  1 

The  presence  of  a  representative  of  the  genus  Seelya  Ulrich  in 
the  Whetstone  Gulf  formation  is  indicated  by  the  whorl  figured  on 
plate  9,  figure  1.  This  exhibits  one  revolving  carina  above  the 
slit-band  and  four  below,  the  uppermost  of  which  is  indistinct.  The 
slit-band  is  broad,  concave  and  distinctly  margined  by  two  sharp 
carinae.  The  upper  surface  of  the  volution  is  concave  between  the 
suture  and  carina  and  again  between  the  latter  and  the  slit-band; 
the  underside  is  convex  and  the  whole  volution  well-rounded,  except 
the  area  between  the  slit-band  and  the  first  carina,  which  is  also 
concave.  The  growth  lines  are  not  distinctly  shown. 

The  form  of  the  volution  and  the  sculpture  are  very  closely  alike 
to  that  of  L.  mundula  Ulrich,  with  the  exception  that  our 
form  has  two  more  carinae  on  the  lower  side. 


UTICA  AND  LORRAINE  FORMATIONS  OF  NEW  YORK,  PART  2 


7 1 


The  specimen  is  from  the  Rust  collection  (Valient  collector)  and 
the  neighborhood  of  Rome. 

Genus  Plethospira  Ulrich 

Plethospira  quadricarinata  nov. 

Plate  9,  figures  2-5 

Description.  Shell  below  medium  size,  height  about  20  mm,  width 
1 7  mm ;  in  form  subconical ;  apical  angle  60  degrees  or  more ;  volutions 
four,  well-rounded  in  general  outline  with  two  carinae,  distinctly 
concave  above  between  the  suture  and  the  upper  carina,  and  the 
latter  and  the  band;  also  concave  between  the  band  and  the  lower 
carina,  convex  below  the  lower  carina;  band  supramedian,  fairly 
broad,  distinctly  concave,  with  sharply  raised  margins;  growth-lines 
regular,  very  distinct  filiform,  four  in  1  mm;  curving  strongly  back¬ 
ward  above,  forward  between  the  band  and  the  lower  carina,  and 
approximately  vertical  below  the  latter;  lunulae  obscure.  Apertufe 
rounded,  pentagonal  in  section,  outer  and  columellar  lip  not  observed. 
Umbilicus  small. 

Horizon  and  locality.  Common  at  stations  1  and  9  of  the  Wood 
creek  section,  and  also  occurring  at  stations  8  and  10  of  the  Wood 
creek  section  and  station  12  of  the  Mill  creek  section,  and  thus 
represented  in  both  the  first  and  second  divisions  of  the  Whetstone 
Gulf  formation,  which  correspond  to  the  Economy  and  Southgate 
members  of  the  Eden.  While  at  station  1  it  is  common  throughout 
the  black  shale,  it  was  found  at  station  9  restricted  to  a  thin  limestone 
band  which  it  completely  fills. 

The  United  States  National  Museum  contains  specimens  from  the 
lowest  Whetstone  Gulf  formation,  i|  miles  east  of  Rome  (Rust 
collection,  no.  34616). 

Remarks.  Of  the  two  congeners  in  the  Cincinnatian  group, 
P  .  s  e  m  e  1  e  (Hall)  and  striata  Ulrich,  our  form  is  more 
similar  to  s  e  m  e  1  e,  at  least  in  outline,  but  readily  distinguished  by 
the  four  carinae  on  the  volutions,  which  are  to  be  regarded  as  its 
diagnostic  character,  for  owing  to  the  preservation  in  shale  and  in 
thin,  impure  limestone  bands  all  specimens  are  badly  flattened, 
though  their  sculpture  is  beautifully  preserved,  and  the  general 
outline  as  well  as  the  form  of  the  aperture  have  to  be  made  out  by 
conjecture.  Upon  the  last  volution  of  mature  individuals  the  lower 
carina,  and  sometimes  also  the  upper  carina,  become  obscure. 
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Genus  Eotomaria  Ulrich 
Eotomaria  sp.  cf.  canalifera  (Ulrich) 

An  Eotomaria  recalling  in  size  and  direction  of  growth-lines  the 
E.  canalifera  Ulrich,  but  apparently  new,  occurs  at  station 
i  of  the  Wood  creek  section.  It  is,  however,  too  much  compressed 
and  too  imperfectly  preserved  to  warrant  description.  Its  growth¬ 
lines  are  sharp,  filiform,  densely  crowded  and  irregularly  arranged 
into  bundles  in  some  places,  but  oftener  fairly  equally  spaced.  They 
curve  slightly  forward  upon  the  upper  side  until  near  the  band, 
where  they  turn  backward;  on  the  underside  they  describe  a  shallow 
double  curve,  first  curving  forward  then  backward  and  finally  for¬ 
ward  again.  The  band  is  slightly  concave,  nearly  flat,  the  growth¬ 
line  distinct  upon  it  and  bent  gently  backward. 

It  is  possible  that  some  of  the  specimens,  cited  in  the  lists  as 
Liospira  vitruvia,  may  also  be  exfoliated  and  flattened 
specimens  of  this  species. 

Eotomaria  pagoda  nov. 

Plate  9,  figures  6-8 

The  Pulaski  calcareous  sandstone  boulders  of  the  drift  of  central 
New  York  have  afforded  a  gastropod  of  peculiar  outline  and  repre¬ 
sentative  of  an  undescribed  species.  In  part  i  (Bulletin  258,  p.  122) 
we  have  cited  the  form  as  Lophospira  tropidophora 
(Meek),  with  which  our  material  has  some  similarity.  The  outline 
is,  however,  broader  and  the  band,  which  is  peripheral,  is  seen  at  the 
right  side  of  the  figured  specimen  to  be  distinctly  concave.  The 
specimens  appear  therefore  to  represent,  as  Doctor  Ulrich  has  sug¬ 
gested,  a  species  of  Eotomaria.  Although  the  shells  are  only  casts 
of  the  interior,  they  are  so  characteristic  in  outline  that  we  venture 
to  describe  the  species  from  them. 

Description.  Shell  large  for  the  genus,  rather  high,  distinctly 
turriculate,  moderately  convex  below,  with  a  very  small  umbilicus 
and  distinct  sutures.  Band  concave,  sharply  defined,  slightly 
oblique  to  nearly  vertical  in  position,  at  the  periphery  of  the  whorl. 
Upper  and  lower  borders  probably  equally  prominent.  The  contour 
of  the  upper  surface  either  gently  concave  or  somewhat  sigmoidal, 
the  lower  portion  being  concave,  the  upper  convex,  in  the  cast  at 
least.  Aperture  not  fully  seen,  but  probably  subrhomboidal.  Sur¬ 
face  sculpture  not  seen. 

Width  of  type  26.5  mm;  height  (reconstructed)  about  30  mm. 
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A  paratype  with  a  width  of  23  mm  shows  a  height  of  25  mm  and  was 
originally  about  29  mm  long. 

Formation  and  locality.  Pulaski  sandstone  drift  near  Trenton 
and  Lorraine. 

Remarks.  This  species  is  readily  distinguished  from  its  congeners 
by  its  relatively  greater  height,  larger  size  and  sharply  turreted 
contour. 

Genus  Clathrospira  Ulrich  and  Scofield 
Clathrospira  subconica  (Hall) 

Clathrospira  subconica  was  first  described  by  Hall 
in  Palaeontology  of  New  York,  volume  1,  as  Pleurotomaria 
subconica  from  the  Trenton  limestone,  and  its  occurrence, 
though  in  poorly  preserved  specimens,  in  the  Lorraine  beds  at  Turin 
and  Pulaski,  was  noted  {ibid,  p.  304)  and  figures  of  Lorraine  specimens 
given  {ibid,  plate  83,  figures  sa-^e). 

Ulrich  furnished  later  (1897,  p.  1006)  a  more  elaborate  descriptioii 
and  record  of  its  range  and  geographic  distribution  in  the  Middle 
West.  It  ranges  from  the  Black  River  to  the  Richmond  formation 
and  is  found  from  Minnesota  and  Tennessee  in  the  West  and  South 
to  Anticosti  and  Quebec  in  the  northeast  (Bassler,  1915,  p.  225; 
Foerste,  1916,  p.  248,  1925,  p.  210). 

In  the  Lorraine  group  we  have  found  this  species  present  in  the 
calcareous  sandstones  of  the  Pulaski  formation,  whence  it  has  passed 
into  the  drift  material,  the  main  source  of  the  Lorraine  collection. 
It  is  there  only  seen  in  casts.  A  few  specimens,  referable  to  this 
species,  have  also  been  seen  in  zone  II  of  the  Whetstone  Gulf  forma¬ 
tion  (Wood  creek  section,  station  9). 

Clathrospira  conica  Ulrich  and  Scofield 
Plate  9,  figures  9-1 1 

This  species  has  often  been  confused  with  the  young  of  C. 
subconica.  It  was  first  recognized  by  Ulrich  and  Scofield 
(1897,  p.  1008)  as  an  independent  form.  It  is,  according  to  these 
authorities,  distinguished  from  C.  subconica  by  its  smaller 
size,  its  width  averaging  18  mm,  and  reaching  a  maximum  of  25  mm, 
and  differs  constantly  in  at  least  two  particulars,  “  First,  the  upper 
slope  of  the  whorls  is  nowhere  convex  but  is  either  gently  concave 
throughout  or  flat  from  the  linear  suture  to  the  rising  base  of  the 
upper  boundary  of  the  peripheral  band.  The  second  difference  lies 
in  a  more  or  less  well-marked  concave  space  which  occupies  the 
outer  third  of  the  base  of  the  whorls.” 


74 


NEW  YORK  STATE  MUSEUM 


Bassler  (1915,  p.  229)  records  C.  conic  a  from  the  Black 
River  and  Trenton  of  Minnesota,  Kentucky  and  Baffin  Land  and 
the  Maysville  of  Cincinnati  and  vicinity.  In  New  York  it  is  found 
in  the  Pulaski,  corresponding  in  age  to  the  Maysville,  at  Pulaski 
and  in  the  Lorraine  section  (station  22a). 

Family  Euomphalidae  de  Koninck 
Genus  Eccyliomphalus  Portlock 
Eccyliomphalus  trentonensis  (Conrad)  mut.  fimbria tus  nov. 

Plate  9,  figure  12 

In  part  1  (Bulletin  258,  p.  91)  a  gastropod  from  station  1  of  the 
Wood  creek  section  has  been  cited  as  Eccyliomphalus  sp. 
that  is  a  new  form  and  deserves  recognition.  Its  characters  are  the 
following : 

Shell  small,  consisting  of  but  one  volution  or  less,  coiled  in  one 
plane  expanding  rapidly  (to  double  diameter  in  a  quarter  volution). 
Cross  section  angularly  subovate.  The  inner  side  of  the  volution 
is  convex,  the  sides  steeply  rising  to  the  lateral  angulation.  Outer 
side  with  peripheral  keel-like  angulation,  the  two  slopes  of  the  outer 
side  flat.  Apertural  margin  slightly  advanced  on  upper  side. 

Surface  of  the  shell  marked  by  sharp,  undulating  or  fimbriate 
lines,  numbering  18-19  in  10  mm  near  the  aperture.  The  lines  are 
overlapping  forward  and  appear  to  have  been  continued  into  short 
collarlike  extensions. 

Length  of  shell  on  a  straight  line  from  initial  point  to  aperture  1 1 . 5 
mm,  width  at  aperture  5  mm. 

Horizon  and  locality.  Whetstone  Gulf  shale,  zone  I  of 
Cryptolithus  bellulus  and  Bollia  pulchra. 

Remarks.  This  form  is  closely  related  to  the  Trenton  species 
E.  trentonensis  Hall  in  outline,  and  sculpture.  It  posesses, 
however,  a  distinctly  faster  rate  of  expansion  and  more  distinctly 
fimbriate  sculpture-lines. 

Family  Trochonematidae  Zittel 
Genus  Trochonema  Salter 

Trochonema  (Eunema)  nitidum  (Ulrich) 

Plate  9,  figures  13  and  14 

Trochonema  (Eunema)  nitidum  is  described  by 
Ulrich  (1897,  P-  io53)  as  follows: 
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Related  to  T.  s  a  1 1  e  r  i,  but  has  a  shorter  and  smaller  spire, 
and  proportionally  larger  and  much  more  ventricose  body  whorl. 
The  lower  margin  of  the  peripheral  band  also  is  more  obscure,  the 
upper  slope  more  concave,  the  lines  of  growth  very  fine  and  more 
nearly  vertical,  the  inner  lip  not  so  straight  and  the  aperture  less 
oblique  and  more  ovate.  The  specimen  illustrated  may  be  said  to 
be  of  the  average  size,  though  we  have  an  interior  cast  of  one  that 
was  fully  twice  as  large. 

As  its  original  locality  is  cited  the  Utica  group  of  Cincinnati,  Ohio 
and  vicinity.  Bassler  (1916,  p.  1302)  refers  it  to  the  Southgate 
member  of  the  Eden. 

We  have  observed  but  two  specimens  of  this  rare  and  unobtrusive 
gastropod,  one  in  the  Moose  creek  section  (station  11-12)  and  one 
in  the  Rust  collection  of  fossils  of  the  Whetstone  Gulf  formation 
from  the  neighborhood  of  Rome. 

Genus  Strophostylus  Hall 

Strophostylus  gregarius  nov. 

Plate  9,  figure  15 

The  dark  gray,  argillaceous  shale  transitional  from  the  Utica  to 
the  Frankfort  beds,  contains  at  Holland  Patent,  N.  Y.,  aggregations 
of  small  gastropod  shells  (United  States  National  Museum  no.  34475) 
that  at  first  remind  one  of  Holopea  through  their  ventricose,  smooth 
volutions  but  under  the  lens  are  found  to  be  sculptured  with  extremely 
fine  revolving  and,  in  some  parts  also  vertical  lines,  both  barely 
visible  under  a  strong  lens.  This  sculpture  would  suggest  reference 
to  Cyclonema,  the  general  form,  and  especially  a  certain  irregularity 
of  coiling  indicate  that  this  species  is  a  representative  of 
Strophostylus,  which  also  has  a  cancellated  surface. 

Shell  minute  (2.5  mm  high,  3  mm  wide),  broadly  conical;  apical 
angle  about  70°,  whorls  three,  rapidly  increasing  from  the  knob¬ 
shaped  first  volution;  ventricose;  upper  half  of  last  volution  some¬ 
what  flatter  than  the  rest  of  the  whorl.  Suture  deep.  Aperture  not 
seen.  Surface  furnished  with  fine  revolving  lines  (about  20  in  1  mm), 
or  in  other  parts  with  equally  fine  oblique  growth-lines  and  also  with 
some  coarser  rugae. 

Strophostylus  gregarius  is  sufficiently  distinguished 
by  its  small  size  and  extremely  delicate  sculpturing  from  its  congeners, 
and  the  species  of  Cyclonema,  not  to  require  any  further  elaboration 
of  the  differences. 
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Genus  Holopea  Hall 

Kolopea  varicosa  nov. 

Plate  9,  figures  16  and  17 

Descriptions.  Shell  of  small  size,  with  height  and  width  about 
equal,  consisting  of  about  four  fairly  rapidly  enlarging  ventricose 
whorls.  Umbilical  perforation  not  observed.  Suture  distinctly 
impressed  on  all  whorls.  Aperture  not  observed.  Surface  furnished 
with  relatively  strong,  nearly  straight  varices  crossing  the  whorls 
from  the  suture  with  a  slight  backward  direction;  and  besides  with 
extremely  fine,  closely  arranged  striae  both  on  the  varices  and  the 
intervals. 

Measurements.  Height  15.3  mm;  width  15.5  mm;  height  of  third 
volution  4.3  mm;  height  of  last  volution  9.5  mm. 

Horizon  and  locality.  Upper  Utica  shale  at  Holland  Patent, 
Oneida  county,  N.  Y. 

Remarks.  This  species  recalls,  in  the  surface  sculpture,  the 
Holopea  symmetrica  Hall,  from  the  upper  Trenton  of 
New  York.  It  is,  however,  larger  and  its  whorls  enlarge  more 
rapidly.  In  general  outline  it  resembles  more  Holopea 
o  b  1  i  q  u  a  Hall,  also  an  upper  Trenton  form,  which,  however,  has 
less  distinct  varices  and  enlarges  still  more  rapidly. 

Incertae  sedis 

Cyclora  (Hall) 

Plate  10,  figures  1-4 

Certain  beds  of  the  upper  Lorraine  contain  minute  gastropods 
referable  to  the  genus  Cyclora.  The  latter  was  erected  by  Hall 
(1845,  p.  294)  for  minute  shells  from  the  Cincinnati  beds,  occuring 
often  in  great  numbers  in  the  strata.  He  described  two  species  and 
four  more  have  been  added  by  Miller,  Ulrich  and  Foerste. 

It  has  been  suggested  by  Ulrich  and  Scofield  (1897,  p.  847)  that 
the  species  of  Cyclora  may  be  “  dwarfed  forms  of  Holopea  or 
Cyclonema  and  Lophospira,”  a  view  which  seems  to  be  supported 
by  the  occurrence  of  our  forms  in  a  pronounced  microfauna  at  Worth- 
ville.  Cumings  (1908,  p.  962)  states  that  there  is  still  some  doubt 
whether  these  species  may  not  be  the  young  of  other  species  of 
gastropods,  but  sees  in  their  occurrence  “  in  enormous  numbers  at 
horizons  where  other  species  are  rare  or  lacking,  a  fact  which  admits 
of  the  interpretation  that  they  are  good  species.” 

The  presence  of  the  following  types  in  the  New  York  Lorraine  is 
suggested  by  our  material : 
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1  Cyclora  minuta  Hall  (1845,  P-  2 94).  This  species  is  probably 
represented  by  specimens  from  station  22 a  at  Worthville,  N.  Y.,  one 
of  which  is  reproduced  in  plate  10,  figures  1  and  2.  Hall  describes 
the  species  as  follows : 

Smooth;  volutions,  about  three,  rapidly  expanding  towards  the 
mouth;  spire  moderately  elevated;  aperture  round  and  well  defined. 
The  last  whorl  forms  the  principal  part  of  the  shell. 

Height  of  shell  1  /30  to  1  /20  of  an  inch. 

Cycloras  of  similar  outline  (plate  9,  figure  1)  have  also  been  noted 
in  the  characteristic  brown  weathering  upper  Lorraine  drift  material, 
derived  from  the  impure  limestone  beds.  The  specimen  figured  is 
in  a  boulder  with  Rafinesquina  mucronata  Foerste. 

Bassler  records  C.  minuta  as  occurring  in  the  Mohawkian 
and  Cincinnatian  of  numerous  American  localities. 

2  Cyclora  parvula  Hall  (1845,  p.  294)  This  species,  of  equal 
range  and  geographic  distribution  with  the  preceding,  is  represented 
by  specimens  occurring  at  locality  23  (zone  VI)  of  the  Lorraine  gulf 
section,  and  one  of  which  is  reproduced  in  plate  10,  figure  4. 

It  is,  according  to  Hall,  characterized  by  the  following  features: 

Spire  elevated,  volutions  about  four,  smooth ;  first  whorl  angulated 
upon  the  center  towards  the  aperture;  outer  edge  of  the  aperture 
projecting  downwards.  Height  of  shell  1/15  of  an  inch. 

3  Cyclora  cf.  pulcella  Miller  (1882,  p.  231).  Certain  specimens 
found  at  Worthville  associated  with  C  .  minuta,  suggest  by 
their  more  rapidly  swelling  volutions  (see  plate  10,  figure  3)  a  ref¬ 
erence  to  C..  pulcella  Miller,  a  species  that  is,  however,  so 
far  known  only  from  the  Richmond  beds. 

Order  Opisthobranchia 
Suborder  Pteropoda 
Family  Kyolithidae  Nicholson 
Genus  Hyolithes  Eichwald 

Hyolithes  pumilus  nov. 

Plate  10,  figures  5  and  6 

Description.  Tube  of  small  size,  rapidly  expanding,  at  an  angle 
of  about  18  degrees.  Convex  side  with  a  distinctly  arched  median 
keel,  bounded  by  one  (or  two?)  sharp  grooves.  Flat  side  extended 
beyond  the  arched  side  in  a  rounded  projection.  Surface  provided 
with  very  fine  transversal  growth-lines.  Cover  not  seen. 
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Measurements  of  holotype.  Length  4.2  mm,  width  1-4  mm. 

Horizon  and  locality.  In  zone  I  of  the  lower  Lorraine,  (Whetstone 
Gulf)  shale,  in  the  Whetstone  and  Lorraine  gulfs. 

Remarks.  The  sole  interest  of  this  minute  form  consists  in  its 
being  the  only  known  representative  of  the  genus  Hyolithes  in  the 
Lorraine  beds.  There  are  no  species  of  Hyolithes  described  from 
the  Cincinnatian  group  of  Ohio  and  from  the  Richmond  two  species ; 
H.  parviusculus  Hall  and  H.  versaillensis  Miller 
and  Faber.  The  present  species  is  distinguished  principally  by  the 
extension  of  the  flattened  side  which  makes  it  a  Hyolithes  s.  str., 
while  the  other  two  species  belong  to  Ortho  theca  Novak,  in  which 
the  anterior  end  is  abruptly  terminated.  Hyolithes  pin- 
n  i  f  o  r  m  i  s  Ruedemann,  a  species  of  the  Canajoharie  shale,  while 
equally  small,  is  more  slender  in  outline. 

Suborder  Conulariida 
Family  Conulariidae  Walcott 
Genus  Conularia  Miller 

Conularia  hudsoni  Emmons 
Plate  10,  figures  7  and  8 

Original  description  (Emmons  1855,  p.  208). 

Pyramid  elongated;  sides  equal  or  subequal;  transverse  furrows 
meet  in  the  middle  of  a  face  at  an  angle  of  130  degrees.  The  edges 
of  a  side  diverge  at  an  angle  of  about  25  degrees.  Both  the  trans¬ 
verse  and  the  longitudinal  striae  are  stronger  than  those  of  the 
C.  trentonensis;  there  being  more  than  twice  as  many  in 
the  latter  as  in  the  species  under  consideration.  The  markings  have 
a  general  resemblance  to  the  C.  trentonensis;  excepting 
that  they  are  much  coarser  and  the  fossil  is  much  larger.  Lorraine 
shales,  Lorraine,  Jefferson  county.  Cabinet  of  Williams  College. 

Professor  Cleland  writes  me  that  the  holotype  of  C.  hudsoni 
can  not  be  found,  Emmons’  collection  not  having  been  kept  together. 
The  State  Museum  contains  the  single  specimen,  here  figured,  less 
complete  than  Emmons’  type,  but  sufficient  to  corroborate  his 
statements.  There  can  be  little  doubt  that  C.  hudsoni  is  very 
closely  related  to  the  C.  trentonensis  and  the  fact  that 
Hall  in  the  tabular  list  (1847,  P-  329)  cites  the  latter  species  as 
doubtfully  occuring  in  the  “  Hudson  River  group  ”,  suggests  that  he 
identified  C.  hudsoni  with  his  C.  trentonensis. 

A  comparison  of  our  specimen,  which  in  the  case  of  the  loss  of 
Emmons’  holotype  would  have  to  be  considered  a  neotype  of  the 
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species,  with  C.  trentonensis  shows  that  both  are  equally 
slender,  that  the  apical  angle  of  the  sides  of  the  pyramid  is  less  than 
20  degrees,  about  17  degrees  in  both,  and  judging  from  Emmons’ 
figure,  it  was  no  more  in  his  type,  notwithstanding  the  fact  that  he 
gives  25  degrees  as  the  angle.  The  sculpture  is  entirely  identical 
in  character  differing  only  in  coarseness  as  stated  by  Emmons.  In 
C.  hudsoni  there  are  in  the  space  of  10  mm  about  15  trans¬ 
versal  striae  near  the  middle  line  and  about  19  near  the  edges  of 
the  sides,  while  in  C.  trentonensis  the  corresponding  figures 
are  20  and  23.  Emmons’  figure  gives  about  12,  which  would  not 
quite  agree  with  his  statement  that  there  are  more  than  twice  as 
many  lines  in  C.  trentonensis  as  in  C.  hudsoni.  It 
is  clear  from  this  that  C.  hudsoni  differs  only  in  grade  from  the 
earlier  species  and  partakes  more  of  the  character  of  a  later  muta¬ 
tion  of  the  Trenton  form  than  of  a  distinct  species. 

The  exact  horizon  of  Emmons’  type  is  not  known;  it  is  cited  as 
coming  from  Lorraine.  If  the  village  is  meant,  that  would  place 
the  species  in  the  upper  Lorraine  (Pulaski)  formation.  The  Museum 
specimen  also  lacks  a  label  that  would  definitely  indicate  its  horizon 
and  locality.  It  indicates,  however,  by  the  sandy  matrix  and  its 
rusty  brown  color  that  it  was  derived  more  probably  from  the 
Pulaski  than  from  the  Whetstone  Gulf  formation. 

Conularia  trentonensis  Hall  mut.  latior  nov. 

Plate  10,  figure  9 

The  Collingwood  shale  at  Collingwood,  Ontario,  contains  a  muta¬ 
tion  of  the  Trenton  species  which,  while  retaining  the  exact  sculpture 
so  characteristic  of  that  species,  possesses  a  larger  apical  angle. 
While  the  angle  formed  by  the  marginal  grooves,  according  to  the 
Trenton  material  before  us  and  also  according  to  the  figures  published, 
averages  20  degrees  and  is  frequently  18  degrees,  that  of  the  Colling¬ 
wood  mutation  is  distinctly  greater  and  amounts  to  25  degrees  on 
both  faces  seen,  the  faces  having  been  equal. 

This  mutation  connects  the  Trenton  form  with  the  Lorraine 
species  C.  hudsoni  Emmons  which  also  bears  the  peculiar 
sculpture  of  C.  trentonensis  but  in  a  coarser  development. 
On  the  other  hand,  there  occurs  a  variety  of  trentonensis  in 
the  Schenectady  and  Snake  Hill  shale  that  has  a  sculpture  twice  as 
fine  as  C.  trentonensis  (see  var.  multicosta  Ruede- 
mann,  1912,  p.  115). 
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C.  trentonensis  and  its  subspecies  were  widely  distributed 
though  never  common;  they  have  been  recorded  in  the  Trenton 
from  New  Jersey  to  Iowa  and  from  Canada  to  Pennsylvania  and 
Virginia  where  Bassler  has  found  it  in  the  basal  Martinsburg  shale 
(see  Bassler  1920,  p.  321).  In  Scandinavia  this  type  of  Conularia 
sculpture  appears  still  earlier  than  here  (see  Holm,  1893,  plate  4), 
while  in  England  (Slater,  1907)  similar  forms  are  not  known  until 
the  Silurian. 

Conularia  granulata  Hall 

Plate  10,  figure  10 

The  upper  Utica  shale  near  South  Trenton,  Oneida  county,  N.  Y. 
(United  States  National  Museum,  no.  23774)  has  afforded  the 
proximal  portion  of  a  Conularia  that  is  characterized  by  an  extremely 
fine  cancellated  surface-sculpture,  consisting  of  intersecting  transverse 
and  longitudinal  lines,  which  are  so  delicate  that  18  to  20  of  the 
transverse  lines  are  counted  in  1  mm  and  the  longitudinal  ones  are 
still  finer.  This  is  the  surface-sculpture  seen  in  the  upper  Trenton 
species  Conularia  granulata  Hall,  where  it  is  also  so 
fine  that  it  is  “  scarcely  visible  to  the  naked  eye.”  In  our  specimen 
it  is  invisible  to  the  naked  eye,  but  then  this  is  only  the  proximal 
portion  which  usually  carries  a  finer  sculpture  than  the  mature  parts. 

In  the  larger  part  of  the  fossil  the  interior  cast  of  the  sculpture  is 
seen,  which  appears  as  intersecting  raised  lines ;  at  the  apex,  however, 
a  small  portion  of  the  exterior  is  preserved  and  this  shows  the 
extremely  fine  granulations,  resulting  from  interesecting  fine  striae. 
Here  also  a  very  small  piece  of  the  marginal  groove  is  seen,  which 
is  well  marked,  with  smooth  and  prominent  edges.  The  facial 
grooves  are  faint,  hardly  visible;  the  faces  apparently  subequal 
and  flat ;  the  shell  tapering  at  a  fair  rate ;  the  apical  angle  measuring, 
as  in  Hall’s  type,  about  35  degrees.  The  cross  section  seems  to 
have  been  square. 

Class  Cephalopoda 
Subclass  Tetrabranchiata 
Order  Nautiloidea 
Family  Endoceratidae  Hyatt 
Genus  Endoceras  Hall 
Endoceras  proteiforme  (Hall) 

Endoceras  proteiforme  has  been  cited  among  the 
Utica  fossils  by  many  authors.  In  nearly  every  case  the  latter  have, 
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however,  had  in  mind  the  species  of  Geisonoceras  which  were 
erroneously  considered  by  Hall  as  varieties  of  Endoceras 
proteiforme  because  they  had  been  found  within  the 
siphuncular  sheaths  of  that  large  cephalopod.  These  forms  are 
here  described  under  Geisonoceras  and  they  are  the  common 
cephalopods  of  the  Utica  shale. 

The  true  Endoceras  proteiforme  is  probably  present, 
for  example  at  Holland  Patent,  but  none  of  the  fragments  of  large 
cephalopods  were  sufficiently  preserved  to  permit  of  a  conclusive 
identification. 

Specimens  showing  the  characteristic  rate  of  growth  and  depth 
of  chambers  of  E.  proteiforme  occur  undoubtedly  in  the 
Canajoharie  shale,  where  we  have  seen  them  from  the  sections  at 
Sprakers  and  the  Ohisa  creek. 

Parks  and  Fritz  (1923,  p.  15)  describe  the  species  as  occurring 
in  the  Toronto  rocks  of  Collingwood  age.  From  this  report  and  from 
our  observations  at  Holland  Patent,  it  seems  that  E.  protei¬ 
forme  ranged  from  the  Trenton  into  the  upper  Utica. 

Endoceras  sp. 

The  Lorraine  sandstones  at  Lorraine,  the  neighborhood  of  Rome, 
Westernville  and  other  places  in  New  York  afford  fragments  of  very 
large  orthoceracones,  which,  however,  in  nearly  every  case  have 
lost  their  interior  structure  revealing  only  the  flattened  conch  and 
the  sutures,  and  thus  leaving  undeterminable  their  true  generic 
reference;  although  from  their  large  dimensions  and  close  arrange¬ 
ment  of  septa  we  have  little  doubt  that  they  will  finally  be  found  to 
belong  to  the  genus  Endoceras,  and  to  be  related  to  E.  protei¬ 
forme.  With  present  evidence  at  least  two  types  can  be  dis¬ 
tinguished,  namely: 

1  Endoceras?  lorrainense  nov.  The  type  specimen,  a  fragment, 
is  247  mm  long,  112  mm  wide  at  the  narrower  and  128  mm  wide 
at  the  upper  end,  expanding  at  a  rate  of  6.5  mm  in  100  mm.  The 
sutures  are  13.5  mm  apart. 

A  specimen  in  the  State  Museum  from  the  Lorraine  sandstone  in 
Oswego  county  (probably  Washingtonville)  retains  the  siphuncle. 
While  the  specimen,  flattened,  is  109  mm  wide,  the  siphuncle  has 
an  approximate  width  of  75  mm,  thus  occupying  nearly  three-fourths 
of  the  width  of  the  conch,  in  central  position.  Likewise  the  original 
of  O.  coralliferum  (in  Palaeontology  of  New  York,  volume 
1,  plate  86,  figure  id,),  from  the  Lorraine  sandstone  at  Turin,  N.  Y., 
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now  in  the  American  Museum  of  Natural  History  and  kindly  loaned 
to  me  by  Doctor  Hovey,  shows  at  the  upper  end  (lower  in  figure) 
the  flattened  section  of  a  siphuncle  occupying  three-fourths  of  the 


Figure  17  Endoceras  lorrainense 
nov.  Type  specimen  x 

width  of  the  conch.  This  contains  one  endosipho  sheath.  No 
evidence  as  to  the  length  of  the  septal  funnels  and  the  possible 


UTICA  AND  LORRAINE  FORMATIONS  OF  NEW  YORK,  PART  2  83 


reference  of  the  species  to  Vaginoceras  or  Cameroceras  could  be 
obtained. 

This  species  is  characterized  by  the  slow  rate  of  growth,  denoting 
a  very  slender  form.  The  type  specimen  comes  from  the  Lorraine 
sandstone  at  Lorraine,  N.  Y. 


Figure  18.  Endoceras  lorrain- 
e  n  s  e  nov.  Specimen  showing  siphuncle 
at  lower  end.  From  Oswego  county,  x 


To  this  species  apparently  also  belongs  the  fragment  of  an  earlier 
portion  of  a  conch  reproduced  on  plate  20,  figure  1.  This  shows  a 
marginal  siphuncle  that  occupies  half  the  conch.  The  septa  equal 
in  depth  to  that  of  the  camerae;  and  the  surface  appears  to  have 
been  smooth. 
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If  the  apical  end  of  the  siphuncle  figured  on  plate  20,  figure  2  also 
belongs  to  this  species,  as  is  suggested  by  the  spacing  of  the  attach¬ 
ment  lines  of  the  septa  (6.5  mm  apart  in  a  siphuncle)  in  reference  to 
the  width  of  the  siphuncle,  then  the  species  may  more  properly 
belong  to  Suecoceras,  for  the  fragments  indicate  the  development  of 
a  nepionic  bulb  as  in  Suecoceras.  It  is  extremely  similar  to  the 

siphuncle  of  Suecoceras  (?) 


inaequabile  (Miller)  figured 
by  Foerste  (1910,  plate  1,  figure 
1)  from  the  Waynesville  forma¬ 
tion  of  Ohio. 

2  Endoceras  ?  romanum  nov. 
The  type  specimen  of  this  species, 
from  the  Lorraine  beds  of  the 
neighborhood  of  Rome,  is  155 
mm  long,  68  mm  wide  at  one  and 
88  mm  wide  at  the  other  end, 
expanding  at  a  rate  of  about  13 
mm  in  100  mm.  The  sutures  are 
10  mm  apart.  This  species  differs 
from  the  preceding  in  its  greater 
rate  of  expansion  and  closer 
arrangement  of  septa. 

Endoceras  ?  coralliferum  (Hall) 
emend.  Rued. 

Hall  (1847,  P-  312)  has  used 
the  name  “Orthoceras 
coralliferum”  as  a  recep¬ 
tacle  for  various  forms  from  the 
Canajoharie  shale  at  Waterford, 
the  Utica  shale  and  the  Lorraine 
beds,  which  have  the  incrusta¬ 
tion  by  bryozoans  as  a  common 
character.  As  the  author  of  the 
species  himself  states  that  it  “  can  not  be  characterized  with  preci¬ 
sion,”  and  the  name  itself  does  not  express  any  characteristic  feature 
of  one  of  the  assembled  types,  it  would  seem  most  practical  to  drop 
the  name  altogether,  unless  one  wishes  to  observe  punctiliously  the 
law  of  priority  and  restrict  the  name  to  the  first  specimen  figured, 


Figure  19  Endoceras  ?  ro¬ 
manum  nov.  Type  specimen 

v  1 
X  2- 
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which  happens  to  be  that  from  the  “  Utica  slate  ”  at  Turin.  We 
will  follow  this  latter  course,  emending  Hall’s  species. 

The' original  of  the 
Utica  shale  specimen 
is  in  the  New  York 
State  Museum  (no. 

12357).  Hall’s  figure 
(plate  85,  figure  3), 
reproduces  the  distal 
portion  only  of  the 
specimen,  which  is 
here  figured  com¬ 
pletely. 

The  specimen,  a 
fragment  of  the  sep¬ 
tate  portion  of  the 
conch,  is  completely 
flattened.  It  indi¬ 
cates  an  individual  of 
large  size,  the  frag¬ 
ment  being  1 6  cm  long ; 
and  130  mm  wide  at 
the  upper  and  85  mm 
at  the  lower  end,  thus 
indicating  an  approxi¬ 
mate  rate  of  growth  of 
28  mm  in  100  mm,  or 
slightly  more  than  1 
in  4.  The  septal  sut¬ 
ures  are  very  closely 
arranged  for  a  speci¬ 
men  of  such  dimen¬ 
sions  and  9  mm  apart 
at  the  wider  end  and 
7.7  mm  at  the  nar¬ 
rower  one,  or  from  one- 
twelfth  to  one-four¬ 
teenth  of  the  width 
of  the  conch.  They  are  broadly  arched  in  the  middle  and  slightly 
bent  forward  on  the  siphuncular  side.  At  the  lower  end  a  smooth 
plate  protrudes  which  in  conjunction  with  a  slight  bulge  of  the 
conch  suggests  the  presence  of  a  large  submarginal  siphuncle,  about 


Figure  20  Endoceras  ?  coralliferum 
(Hall).  Hall’s  type  specimen  x  Note  siph¬ 
uncle  at  lower  right  end. 
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35  mm  wide  (or  less  than  one-half  the  width  of  the  conch).  The 
relative  size  of  this  siphuncle  indicates  that  the  species  probably 
belongs  to  Endoceras. 

The  surface  was  smooth  or  provided  with  indistinct  growth-lines. 

Horizon  and  locality.  The  horizon  of  this  species  is  probably  the 
upper  third  of  the  Utica  shale  (zone  of  Climacograptus 
pygmaeus)  ,  whence  we  have  specimens  before  us  from  Turin 
and  Holland  Patent. 

Endoceras  perannulatum 

nov. 

Plate  15,  figure  1 

The  upper  Utica  shale  at 
Holland  Patent,  N.  Y.,  has 
furnished  a  single  specimen 
(United  States  Nat.  Mus. 
no.  34483)  of  an  annulated 
Endoceras  that  exhibits 
characters  proving  its  spe¬ 
cific  independence  from 
similar  forms. 

The  conch,  incomplete 
and  completely  flattened, 
belongs  to  an  animal  of 
medium  or  large  size.  It  is 
220  mm  long  and  52  mm 
wide  at  the  upper  end.  Its 
rate  of  growth  is  slow,  about 
5  mm  in  100  mm  or  1  in  20. 
The  camerae  are  shallow, 
about  five  being  counted  in 
a  distance  equal  to  the  width 
of  the  conch;  the  sutures  are  10  mm  apart  where  the  conch  is  50  mm 
wide.  Both  the  depth  of  the  camerae  and  the  spacing  of  the  sutures 
are  in  the  specimen  inferable  only  from  the  attachment  lines  of  the 
septa  upon  the  siphuncle.  The  siphuncle  was  extremely  large,  occu¬ 
pying  two-thirds  of  the  width  (34  mm  where  the  conch  is  5 1  mm  wide) ; 
judging  from  the  distinct  upward  curvature  of  the  attachment  bands 
(funnels)  of  the  septa,  it  must  have  been  situated  close  to  the  wall 
of  the  conch  on  one  side.  No  traces  of  any  interior  structures  of  the 
siphuncle  are  preserved.  The  surface  is  provided  with  closely 
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Figure  21  Endoceras  ?  sp.  Fragment  of 
large  form  from  Utica  shale  in  Steuben 
creek  near  Barneveld,  N.  Y.  x  f. 
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arranged  rounded  annulations  (3  to  4.5  mm.  apart  when  the  shell 
is  43  mm  wide)  separated  by  interspaces  of  the  same  width. 

Horizon  and  locality.  Upper  Utica  shale  at  Holland  Patent,  N.  Y. 

Remarks.  This  species  differs  from  the  earlier  (Trenton)  species 
E.  annulatum  in  the  slower  rate  of  growth  (only  one-half  that 
of  the  Trenton  form)  and  greater  depth  of  camerae  (5  in  width  of 
conch  as  against  7  to  8  in  the  Trenton  form)  and  the  much  closer 
arrangement  of  the  annulations. 

Family  Orthoceratidae  McCoy 
Genus  Orthoceras  Breyn 

Orthoceras?  cf.  transversum  Miller 

Plate  12,  figure  5 

The  dark  gray  shale  near  the  base  (zone  I)  of  the  lower  Lorraine 
(Whetstone  Gulf  formation)  contains  the  completely  flattened 
exterior  casts  of  small  cephalopods  that  exquisitely  retain  a  sharply 
linear  transverse  sculpture.  None  was  found  to  retain  the  siphuncle 
or  the  septa  (except  the  sutures)  and  their  generic  relations  have 
therefore  remained  unknown.  Some  agree  fairly  well  in  rate  of 
growth  and  depth  of  camerae  as  shown  by  the  sutures  with  P  a  r  - 
actinoceras  lamellosum  from  the  Pulaski  shale ;  others 
have  a  greater  rate  of  growth  and  more  closely  arranged  septa. 
These  latter  are  so  close  to  Geisonoceras  tenuistriatum 
Hall  in  rate  of  growth,  depth  of  camerae  and  character  of  surface 
sculpture  that,  provided  their  siphuncle  were  known  and  would  not 
exhibit  any  differential  characters,  they  could  be  identified  with  that 
species.  The  same  rate  of  growth,  depth  of  camerae  and  trans¬ 
verse  sculpture  lines  are  also  possessed  by  Orthoceras  trans¬ 
versum  Miller.  This  being  an  Eden  species  of  the  Ohio  basin, 
its  occurrence  may  well  be  expected  in  the  Whetstone  Gulf  formation. 
The  septa  are,  however,  described  as  strongly  arched  (Foord,  1888, 
p.  16)  and  the  siphuncle  as  excentric  (James,  1885,  p.  239),  characters 
that  have  so  far  failed  to  be  observed. 

Associated  with  the  transversely  striated  shells  there  occur  also 
others  with  a  combination  of  longitudinal  and  transverse  lines,  the 
longitudinal  lines  being  much  finer  and  relatively  wider  spaced  than 
in  G.  tenuitextum.  Otherwise  they  have  the  relative 
dimensions  of  that  species,  its  rate  of  growth  and  depth  of  camerae. 

Shells  of  the  character  here  described  are  especially  noticeable  in 
the  collections  from  Wood  creek  and  the  region  east  of  Rome  (Rust 
collection). 
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Genus  Geisonoceras  Hyatt 
Geisonoceras  tenuistriatum  (Hall) 

Plate  io,  figures  12-14;  plate  11,  figure  2 

The  Utica  fossils  here  referred  to  Geisonoceras  tenui¬ 
striatum  and  G.  amplicameratum  were  placed  by  Hall 
(1843,  p.  31 1)  under  Endoceras  proteiforme  and  have 
been  cited  under  that  name  in  the  lists  of  Utica  fossils  by  all  subse¬ 
quent  authors,  the  present  writer  included.  It  appears  from  Hall’s 
text  that  he  had  in  mind  his  supposed  varieties  tenuistriatum, 
tenuitextum,  lineolatum  etc. ,of  Endoceras  pro¬ 
teiforme.  These  varieties  are  now  known  to  be  true 
Orthoceratidae. 

Geisonoceras  tenuistriatum  has  been  described  by 
Hall  (1843,  P*  209)  from  relatively  small  fragments  obtained  in  the 
Trenton  limestone.  The  Utica  shale  at  Holland  Patent  has  furnished 
specimens  reaching  a  length  of  3  dm,  although  slightly  imperfect 
at  both  ends.  The  conch  is  a  slender  orthoceracone,  of  circular 
section,  increasing  at  a  rate  of  11  to  12  mm  in  100  mm,  or  approxi¬ 
mately  1  in  10.  The  septa  are  fairly  closely  arranged,  there  being 
counted  about  five  camerae  in  a  distance  corresponding  to  the 
width  in  the  ephebic  stage,  and  3  to  4  in  the  nepionic  and  neanic 
stages ;  an  actual  measurement  being  a  depth  of  5  mm  of  the  camerae, 
where  the  width  of  the  conch  is  25  to  30  mm.  The  sutures  are 
straight  transverse.  The  septa  are  fairly  concave,  their  depth  being 
about  equal  to  that  of  the  camerae.  The  living  chamber  is  long,  a 
little  less  than  one-third  the  length  of  the  entire  conch.  The  aper¬ 
ture  is  apparently  straight  transverse.  The  siphuncle  is  small, 
about  one-twelfth  the  width  of  the  conch  (1.5  mm  where  the  conch  is 
18  mm  wide)  in  the  ephebic  stage,  centren,  slightly  excentric  in  the 
neanic  stage  (ventrad  of  center?),  tubular,  sometimes  very  slightly 
inflated.  The  siphonal  funnels  are  very  short.  There  are  no 
secondary  deposits  in  the  camerae  or  siphuncle. 

The  surface  sculpture  is  described  by  Hall  as  follows: 

The  surface  “  is  marked  by  regular  transverse  striae,  sometimes 
appearing  as  if  imbricated,  or  having  one  edge  elevated.  The 
longitudinal  striae  are  not  more  than  one-fourth  as  large  as  the 
transverse  ones,  and  visible  only  under  a  magnifier;  they  often 
become  obsolete  and  scarcely  perceptible,  and  the  transverse  striae 
assume  a  slightly  imbricating  and  lamellose  structure.  The  trans¬ 
verse  striae  are  often  crowded  together  in  bands  of  fasciae. 

Horizon  and  locality.  Very  common  in  the  upper  Utica  shale  at 
Holland  Patent  and  elsewhere,  but  passing  through  the  entire  forma- 
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tion.  It  is  also  a  common  fossil  in  the  Canajoharie  shale,  which 
has  furnished  the  material  for  the  beautiful  sections  here  figured. 
It  further  occurs  in  the  Atwater  Creek  and  Deer  River  shales. 

The  specimens  figured  by  Hall  on  plate  85,  figures  ia,  1  b,  1  c 
represent  very  well  the  usual  occurrence  of  the  species  in  the  Utica 
shale,  in  the  earlier  growth  stages,  with  the  camerated  part  pyritized 
and  the  living  chamber  crushed  and  flattened.  These  smaller  speci¬ 
mens  sometimes  cover  whole  beds,  as  at  Dolgeville,  above  the  dam, 
and  they  are  the  common  cephalopods  of  the  Utica  shale. 

Also  the  specimen  from  the  Schenectady  beds,  figured  and  doubt¬ 
fully  referred  to  Orthoceras  hudsonicum  by  the  writer 
(1912,  plate  8,  figure  7)  belongs  to  this  species. 

Geisonoceras  tenuistriatum  (Hall)  var.  frankfortense  nov. 

Plate  12,  figure  1 

Plate  12  figure  1  illustrates  a  specimen  that  was  found  by  the 
writer  in  a  sandstone  slab  of  the  Frankfort  shale  at  the  Delta  dam 
near  Rome.  It  is  nearly  related  to  the  common  Utica  form  Gei¬ 
sonoceras  tenuistriatum,  differing  but  slightly  in  minor 
features  and  probably  representing  a  later  mutation  of  that  species. 

While  the  conch  appears  curved,  the  proximal  part  and  the  living 
chamber  are  straight  and  the  curvature  is  probably  accidental. 
The  conch  is  slender,  but  still  more  rapidly  expanding  than  that  of 
the  typical  tenuistriatum,  namely,  at  the  rate  of  7  mm 
in  50  mm.  The  sutures  are  closely  arranged  and  there  are  five 
camerae  counted  in  a  distance  corresponding  to  the  width  of  the 
conch;  or  in  other  words  the  sutures  are  about  2  mm  apart  in  the 
mature  part  where  the  conch  is  about  10  mm  wide.  The  depth  of 
the  septa  about  equals  that  of  the  camerae.  The  siphuncle  is  some¬ 
what  excentric  and  slightly  nummuloidal.  The  living  chamber,  if 
fully  preserved,  is  relatively  shorter  than  in  G.  tenui¬ 
striatum,  its  length  (3 1  mm)  being  about  — t  °f  the  total 
length,  which  is  113  mm.  Its  apertural  width  is  17  mm.  The 
surface  was  provided  with  fine  transverse  lines. 

Although  the  siphuncular  segments  would  seem  to  be  slightly  more 
nummuloidal  than  in  some  specimens  of  Geisonoceras 
tenuistriatum,  the  slender  form  of  the  conch  and  the  absence 
of  secondary  deposits  would  not  warrant  the  reference  of  the  species 
to  Paractinoceras  or  to  any  genus  of  the  Actinoceratidae. 
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Geisonoceras  tenuitextum  (Hall) 

Geisonoceras  tenuitextum,  originally  described  by 
Hall  (1843,  P-  2I°)  as  Endoceras  proteiforme  var. 
tenuitextum,  from  Trenton  limestone  material,  has  also  been 
found  to  occur  rarely  in  the  lower  Utica  shale  at  Holland  Patent. 
Hall  states  that  it  does  not  differ  in  form  from  tenuistriatum, 
but  has  the  longitudinal  and  transverse  striae  more  distinctly  elevated 
and  threadlike,  being  of  nearly  equal  size  in  both  directions. 

The  Utica  shale  specimens  corroborate  Hall’s  statement  of  the 
essential  equality  in  form  of  tenuistriatum  and  tenui¬ 
textum  and  suggest  that  the  latter  may  be  only  a  variety  of  the 
former.  The  longitudinal  striae  are  very  sharp,  fairly  equidistant 
and  number  about  30  in  10  mm. 

Geisonoceras  amplicameratum  (Hall) 

Plate  11,  figure  1 ;  plate  12,  figures  2  and  3 

Hall  (1843,  p.  205)  has  described  this  species  as  a  member  of  the 
Trenton  limestone  fauna  as  follows : 

Teretely  cylindrical,  extremely  elongated,  very  gradually  tapering; 
outer  chamber  profound;  septa  distant  about  one-third  the  diameter, 
very  convex;  siphuncle  excentric,  small;  surface  section  circular. 

The  peculiarities  of  this  species  are  its  great  length,  and  very 
gradually  diminution  from  the  larger  extremity,  and  the  distant 
and  very  convex  septa,  which  seem  sufficient  to  distinguish  it  from 
all  other  known  species  in  the  rock. 

The  Utica  shale  at  Holland  Patent  has  furnished  a  fine  series  of 
specimens  of  this  species,  some  of  which  attain  a  length  of  5  dm 
(almost  1 1  feet)  but  specimens  showing  a  width  of  the  chambered 
portion  of  40  mm  indicate  others  still  larger  by  one-quarter.  The 
conch  is  an  extremely  slender  orthoceracone  of  circular  section, 
increasing  at  a  rate  of  6  mm  in  100  mm  or  approximately  1  in  20. 
The  camerae  are  fairly  deep,  there  being  but  three  camerae  in  a 
distance  corresponding  to  the  width  in  the  ephebic  stage;  an  actual 
measurement  being  a  depth  of  the  camerae  of  8.5  mm  where  the 
width  of  the  conch  is  25  mm.  The  sutures  are  straight  transverse. 
The  septa  are  about  half  as  deep  as  the  camerae.  The  living  chamber 
is  very  slender,  four  times  as  long  as  wide  and  amounting  to  one- 
fourth  the  length  of  the  conch.  The  aperture  is  straight  transverse. 

The  siphuncle  is  small,  about  one-sixth  the  diameter  of  the  conch 
(about  4  mm  in  the  ephebic  stage),  excentric  in  position  (ventrad 
of  center?),  apparently  tubular;  empty. 
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The  surface  is  practically  smooth,  or  only  provided  with  faint 
growth-lines. 

Horizon  and  locality.  Most  common  in  the  upper  Utica  shale  at 
Holland  Patent ;  possibly  also  present  in  the  Atwater  Creek  shale. 

It  is  very  probable  that  this  species  is  represented  by  fragments 
of  a  gigantic  cephalopod  found  by  the  writer  in  the  Utica  shale  at 
the  Steuben  creek,  Oneida  county.  These  specimens  belong  to  a 
slender  orthoceraconic  form  with  camerae  so  deep  that  the  sutures 
are  apart  about  one-third  the  width  of  the  conch;  proportions 
that  correspond  with  those  of  G.  amplicameratum  rather 
than  with  those  of  any  of  the  Endoceratidae. 

Geisonoceras  strigatum  (Hall) 

Specimens  from  the  upper  Utica  shale  at  Holland  Patent,  although 
but  imperfectly  preserved,  show  sufficient  characters  to  refer  them 
with  a  fair  degree  of  confidence,  to  Geisonoceras  stri¬ 
gatum  (Hall),  a  Trenton  fossil.  The  striae  numbering  about 
16  in  10  mm,  are  spaced  very  regularly.  The  sutures  are  arranged 
slightly  closer  than  they  are  stated  to  be  by  Hall,  there  being  counted 
six  camerae  in  a  distance  equal  to  the  width  in  the  ephebic  stage, 
instead  of  five,  but  we  have  before  us  finely  preserved  typical  Trenton 
specimens  of  G.  strigatum,  also  showing  this  somewhat 
smaller  depth  of  the  camerae. 

The  writer  has  shown  in  another  paper  (1919,  p.  79  ff)  that  finely 
preserved  specimens  of  G.  strigatum  now  in  the  State  Mus¬ 
eum  exhibit  color  lines  (light  brown)  alternating  with  equally  broad 
white  lines;  that  the  pigment  within  the  calcareous  shell  in  the  color 
lines  protects  these  from  dissolving  and  weathering  as  fast  as  the 
white  lines,  thus  producing  the  apparent  longitudinal  sculpture  of 
G.  strigatum.  The  actual  surface  sculpture  of  the  prac¬ 
tically  smooth  conch  consists,  in  addition  to  the  faint  transverse 
growth  lines,  of  extremely  fine  longitudinal  lines,  so  delicate  that 
they  are  with  difficulty  visible  under  the  lens  and  number  8-10  in 
the  width  of  one  color  band.  This  sculpture  and  the  other  characters 
have  proved  the  identity  of  G.  strigatum  with  G  . 
tenuitextum  {op.  cit.  p.  81).  It  has  also  been  shown  that 
these  color  bands  are  found  only  on  the  dorsal  side  of  the  conch, 
thus  indicating  that  the  animal  inhabiting  the  shell  habitually  car¬ 
ried  it  in  horizontal  position,  either  swimming  or  dragging  it  over 
the  bottom  of  the  sea. 
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Geisonoceras  spec  indet. 

Plate  12,  figure  4 

The  specimen  here  figured,  together  with  several  fragments,  indi¬ 
cate  the  presence  of  a  further  species  of  Geisonoceras  in  the  upper 
Utica  shale  at  Holland  Patent,  principally  characterized  by  its 
considerable  rate  of  expansion  (20  mm  in  100  mm)  and  the  strong 
development  of  the  transversal  striae,  which  are  evenly  spaced, 
numbering  about  14  in  10  mm. 

Family  Cycloceratidae  Hyatt 
Genus  Cycloceras  McCoy 

Cycloceras  persculptum  nov. 

Plate  13,  figure  1 

Description.  Conch  of  medium  size,  orthoceraconic,  rapidly 
expanding  (rate  of  expansion  23  mm  in  length  of  100  mm).  Living 
chamber  wide  and  short,  about  i-tt  times  as  long  as  wide  (at  aperture), 
occupying  about  one-third  the  length  of  the  conch.  Aperture 
straight  transversal.  Camerae  shallow,  five  occupying  in  the 
ephebic  stage  a  distance  equal  to  the  width  of  the  conch.  Sutures 
straight  transversal;  septa  as  deep  or  somewhat  deeper  than  the 
camerae.  Siphuncle  centren,  or  nearly  so,  small  (about  1.5  mm), 
tubular.  Surface  sculpture  consisting  of  low  annuli,  about  2  mm 
apart  in  the  ephebic  stage;  sharp  transversal  lines,  separated  by 
flat  interspaces  of  twice  their  width,  and  numbering  about  12  in 
10  mm  in  the  mature  conch. 

Horizon  and  locality.  Upper  Utica  shale  at  Holland  Patent,  N.  Y. 

Remarks.  This  species  does  not  appear  to  be  represented  by  any 
near  relative  in  the  Trenton  fauna.  While  the  character  of  the 
annuli  would  suggest  a  comparison  with  Cycloceras  olorus 
(Hall),  the  species  before  us  is  at  once  distinguished  from  this  and 
most  other  annulated  Trenton  forms  by  the  greater  rate  of  growth, 
as  well  as  the  character  of  the  transverse  lines. 

Family  Kionoceratidae  Hyatt 

Genus  Spyroceras  Hyatt 

Spyroceras  bilineatum  (Hall) 

Plate  13,  figures  2  and  3 

The  presence  of  this  well-known  Trenton  species  in  the  Utica 
shale  is  proved  by  a  single  specimen  obtained  at  Holland  Patent  9 
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N.  Y.  This  is  52  mm  long;  its  rate  of  expansion  is  about  6  mm  in 
100  mm.  The  annuli  number  three  in  a  distance  corresponding  to 
the  diameter  of  the  conch;  they  are  separated  by  intervals  equal  to 
their  own  width.  The  longitudinal  striae  alternate  in  size,  are 
.8  mm  apart  and  continuous.  The  camerae  are  shallow,  numbering 
three  to  four  in  the  width  of  the  conch,  the  sutures  apparently  straight 
transverse,  the  septa  shallow,  their  concavity  about  equal  to  the 
depth  of  the  camerae.  The  living  chamber  has  not  been  observed. 

It  is  possible  that  the  Utica  form  is  a  mutation  of  the  Trenton 
species.  This  is  at  least  suggested  by  the  somewhat  greater  dis¬ 
tance  between  the  annuli,  but  can  not  be  established  until  the 
revision  of  the  Trenton  material  of  S.  bilineatum,  which  at 
present  seems  to  comprise  several  types  of  annulated  forms. 

Genus  Protokionoceras  Grabau  and  Shimer 

Protokionoceras  oneidaense  (Walcott) 

Plate  10,  figure  xi;  plate  16,  figure  1 

Walcott  (1879,  1883  p.  22)  has  described  from  the  Utica  shale  of 
the  town  of  Trenton,  Oneida  county,  N.  Y.,  which  includes  the 
neighborhoods  of  Holland  Patent  and  South  Trenton,  the  proximal 
portion  of  a  slightly  curved  cephalopod  conch  that  is  given  the 
name  of  “Orthoceras  oneidaense.”  It  is  described  as 
“  a  very  slender,  finely  cancellated,  shell  different  from  any  other 
known  to  the  author.”  The  natural  size  figure  of  the  holotype 
shows  vertical  striae  only,  while  the  enlargement  of  the  sculpture 
(plate  1,  figure  7 a)  gives  sharp  intersecting  vertical  and  trans¬ 
versal  striae  of  two  sets,  a  coarser  and  a  much  finer  intercalated  set. 
The  coarser  striae  form  small  mucros  at  the  points  of  intersection. 

The  United  States  National  Museum  contains  four  larger  speci¬ 
mens  (no.  34480)  from  Holland  Patent,  identified  by  Walcott  with 
his  species.  They  are  hence  metatypes,  uniting  the  derivation  from 
the  horizon  and  locality  of  the  holotype  with  that  of  the  determina¬ 
tion  by  the  author  of  the  species.  These  afford  the  following 
description : 

Small  slender  orthoceracone,  slightly  curved  in  the  neanic  stage; 
largest  specimen  observed  (imperfect  at  both  ends)  about  100  mm 
long  and  23  mm  wide.  Section  circular  (?).  Conch  increasing 
at  a  rate  of  22  mm  in  100  mm  or  approximately  2  in  10.  (The  neanic 
stage  figured  by  Walcott  is  much  more  slender  and  shows  only 
half  that  rate.)  The  septa  are  very  closely  arranged,  there  being 
counted  eight  camerae  in  a  distance  corresponding  to  the  width  in 
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the  wider  portion  and  three  in  the  youngest  portion  observed.  The 
depth  of  the  camerae  varies  between  2  and  3.5  mm  where  the 
conch  is  20  mm  wide,  most  of  the  camerae  being  nearer  the  smaller 
figure.  The  sutures  are  straight  transverse.  The  depth  of  the 
septa  is  not  known. 

The  living  chamber  is  not  known.  The  siphuncle  is  small,  appar¬ 
ently  tubular  and  subcentren. 

The  surface  sculpture  consists  of  sharp-keeled  vertical  carinae 
with  concave  interspaces  averaging  15  in  10  mm.  The  finer  inter¬ 
calated  striae  are  only  faintly  visible  in  spots  and  therefore  in  the 
later  growth  stages  much  subdued  or  entirely  obliterated.  A 
partly  pyritized  specimen  shows,  however,  in  an  earlier  growth- 
stage  very  distinctly  both  the  transverse  lines  and  the  modes  of 
intersection,  the  transverse  lines  being  less  sharp  and  regular  and 
more  crowded  than  the  longitudinal  lines. 

Horizon  and  locality.  Upper  Utica  shale  at  Holland  Patent,  N.  Y. 

Remarks.  This  species  is  readily  distinguished  from  Geisono- 
ceras  tenuitextum  by  the  preponderance  of  the  longi¬ 
tudinal  carinae  over  the  transverse  striae,  the  greater  rate  of  growth 
and  the  closer  arrangement  of  the  sutures.  This  form,  by  the 
preponderance  of  the  longitudinal  sculpture  lines,  points  to  the 
development  of  the  Kionoceratidae  from  Orthoceratidae  having 
the  surface  sculpture  of  tenuistriatum  through  tenui¬ 
textum;  the  three,  tenuistriatum,  tenuitextum 
and  oneidaense,  forming  a  continuous  series  from  forms  with 
purely  transverse  sculpture  to  such  with  prevailing  longitudinal 
sculpture,  for  which  the  generic  term  Protokionoceras  has  been 
proposed  by  Grabau  and  Shimer  (North  American  Index  Fossils, 
1910,  2:58). 

Family  Trocholitidae  Hyatt 
Genus  Trocholites  Conrad 

Trocholites  ammonius  (Conrad) 

Plate  17,  figures  1-5;  plate  18,  figures  1-3 

Trocholites  ammonius  was  first  very  briefly  described 
but  not  figured  by  Conrad  (1838,  p.  119)  from  a  specimen  from 
Newport,  N.  Y.  Emmons  later  (1843)  furnished  two  figures,  in 
the  Report  of  the  Survey  of  the  Second  Geological  District,  one  of  a 
Trenton  limestone  specimen  (p.  392,  figure  1)  and  one  of  a  Utica 
shale  specimen  (p.  279,  figure  1).  The  first  one  to  describe  and 
figure  the  species  adequately  was  James  Hall  in  the  Palaeontology 
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of  New  York,  volume  i,  1843,  p.  192-309.  His  description  is  as 
follows : 

Discoidal;  volutions  in  the  same  plane,  about  four,  rounded, 
slightly  concave  on  the  ventral  side,  gradually  enlarging  in  size 
towards  the  aperture,  which  is  slightly  expanded;  surface  marked 
by  lamellose  irregular  and  oblique  transverse  striae  or  ridges,  between 
and  upon  which  are  finer  lamellose  striae,  covering  the  outer  surface, 
and  giving  it  a  peculiar  textural  or  netted  appearance ;  striae  meeting 
in  an  arch  upon  the  back  [external  side,  which  is  the  venter]  septa 
direct,  or  slightly  undulated  on  the  dorsal  [ventral]  side;  outer 
chamber  large;  siphuncle  ventral  [internal  or  dorsal].  .  .  The 

peculiar  character  of  the  surface  is  produced  by  the  numerous 
crowded  edges  of  lamellae,  which,  in  perfect  specimens,  are  somewhat 
regularly  undulating.  Where  the  shell  is  partially  exfoliated,  the 
textural  character  of  the  surface  is  destroyed,  and  it  is  only  marked 
by  fine  oblique  striae.  The  stronger  striae  are  very  variable,  being 
sometimes  so  prominent  as  to  deserve  the  name  of  ridges,  and  at 
other  times  are  only  slight  undulations;  while  in  many  instances 
they  are  not  at  all  developed,  and  the  surface  is  marked  only  by  the 
finer  lamellose  striae. 

Hyatt  has  more  recently  (1894,  p.  487)  described  very  fully  the 
structure  of  the  species,  especially  that  of  the  peculiar  surface 
sculpture.  He  states: 

This  species  .  .  .  has  a  very  peculiar,  rough,  fretted  surface! 

and  only  very  few  specimens  show  longitudinal  lines  such  as  are 
described  and  figured  in  T.  planorbiformis  by  Conrad. 
This  surface  is  due  to  the  minute  crenulations  or  waves  in  the  out¬ 
lines  of  the  projecting  edges  of  the  laminae  of  growth.  When  these 
are  wide  enough  apart  we  can  distinguish  crenulated  transverse  lines ; 
when  too  close  they  interfere  and  the  regularity  and  continuity  of 
the  lines  are  broken  into  a  multitude  of  more  or  less  discontinuous, 
short  lines.  Sometimes  a  network  of  lines  is  formed  by  the  regularity 
of  the  intersection  of  the  crests  of  the  crenulations  in  successive 
laminae.  This  cuticular  ornamentation  is  so  easily  destroyed  that 
it  is  often  present  only  in  parts  of  the  same  specimen. 

Longitudinal  lines  may  be  seen  through  it,  but,  as  stated  by  Hall 
and  observed  by  the  writer,  these  are  rarely  present  in  the  New 
York  specimens.  They  do,  however,  sometimes  exist  all  over  the 
abdomen  and  sides,  and  are  well  defined  in  specimens  in  which  the 
cuticular  corrugations  are  absent. 

The  lines  of  growth  are  extremely  crowded,  and  what  are  called 
the  costae  occur  at  wider  intervals  and  more  irregularly.  They  are 
probably  the  traces  of  former  apertures.  These  are  more  prominent 
in  some  specimens  than  in  others,  but  never  seem  to  have  the  aspect 
of  true  foldlike  costations. 

The  lines  of  growth  form  deep,  broad  sinuses  on  the  venter; 
rise  into  lateral  crests  on  the  sides,  sinking  towards  the  lines  of 
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involution,  and  forming  a  sinus  in  the  contact  furrow.  These  are 
parallel  to  the  outlines  of  the  apertures,  but  these  last  not  infre¬ 
quently  have  shallow,  broad  constrictions  and  slightly  projecting  or 
trumpet  like  lips  in  full-grown  whorls. 

The  specimens  of  T.  ammonius  from  the  same  locality 
may  vary  from  very  broad- whorled  forms  to  those  with  much 
narrower  almost  cylindrical  whorls,  the  former  being  slightly 
deeper  umbilici  and  the  latter  being  shallower,  as  in  T.  c  i  r  - 
c  u  1  a  r  i  s.  The  venter  and  sides  are,  however,  almost  invariably 
projecting  and  rounded,  unless  angulated  by  compression,  whereas 
in  circularis  there  is  a  distinct  tendency  towards  truncation  or 
flattening  of  the  abdomen  and  sides. 

The  sutures  in  the  ephebic  stage  may  be  nearly  straight,  but  there 
are  in  most  specimens  broad  ventral  lobes,  saddles  at  the  abdominal 
angles,  lateral  lobes  and  saddles  on  the  umbilical  zones  and  lobes  in 
the  contact  furrow.  These  inflections  are,  however,  always  slight, 
and  the  sutures  give  the  impression  of  being  almost  straight  in  most 
specimens. 

The  contact  furrow  is  distinct  but  not  deep  in  the  ephebic  stage 
and  continues  to  be  present  in  the  aperture  of  the  whorl,  which  is 
never  free. 

Both  Hall’s  and  Hyatt’s  descriptions  are  entirely  drawn  up  from 
specimens  coming  from  the  Trenton  limestone  of  New  York.  Hall, 
however,  reports  that  the  species  passes  upward  into  the  Utica 
shale,  citing  East  Canada  creek,  Canajoharie,  and  Cold  Spring  on 
the  Erie  canal  as  localities  where  it  occurs.  The  black  shale  at 
all  of  these  outcrops  lies  however  below  the  typical  Utica  shale, 
is  the  Canajoharie  shale  and  of  Trenton  age. 

Ami  has  cited  T.  ammonius  as  occurring  in  the  black  shales 
of  Quebec  and  Ontario  in  Canada  and  Bassler  (1915,  p.  1298)  records 
its  occurrence  in  the  Trenton  of  West  Covington,  Ky. 

As  far  as  we  are  aware,  no  Trocholites  is  found  in  the  typical 
Utica  shale  except  in  the  upper  Utica  beds  at  Holland  Patent,  N.  Y. 
From  this  well-known  locality  we  have  before  us  a  remarkable  series 
of  specimens  of  which  we  have  figured  several  showing  features 
hitherto  not  fully  illustrated. 

While  it  is  very  difficult  to  compare  the  relative  dimensions  of 
the  flattened  and  crushed  shale  specimens  with  those  of  the  Trenton 
limestone,  it  is  apparent  that  the  rate  of  growth  of  the  conch  was 
the  same  in  both;  the  dorsal- ventral  diameter  being  about  doubled 
in  one  volution  in  the  ephebic  stage,  and  that,  judging  from  the 
amount  of  overlap  on  the  preceding  whorls,  the  sections  were  essen¬ 
tially  alike.  A  comparison  of  figures  a  and  b  with  c  and  d  would 
suggest  wide  differences  in  the  rate  of  growth  among  the  Holland 
Patent  specimens,  but  these  differences  are  probably  the  expression, 
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in  compressed  form,  of  the  variability  in  section,  mentioned  by  Hyatt, 
between  broad-whorled  and  cylindrically  whorled  variants,  the  former 
overlapping  wider  on  the  preceding  whorls  and  thus  having  the 
appearance  of  those  represented  in  figures  a  and  b. 

In  size  the  Holland  Patent  specimens  seem  to  have  far  surpassed 
the  Trenton  ancestors,  as  is  evidenced  by  figures  a  and  c;  and  other 
specimens,  the  diameter  of  which  reached  75  mm.  The  living 
chamber  is  a  little  less  than  one-half  of  a  volution  in  length  (figure  c), 
as  already  stated  by  Hyatt  (op.  cit.  p.  484)  for  the  Trenton  material, 
and  the  aperture  was  expanded  trumpetlike  with  lateral  crests,  as 
is  well  shown  in  the  original  of  figure  b.  The  sutures  correspond  in 
curvature  to  those  of  the  Trenton  specimen.  The  siphuncle  is  not 
observable  in  the  shale  material. 

The  surface  sculpture  is  composed  in  the  nepionic  and  neanic 
stages  of  some  sharp  curved  costae  (see  plate  17,  figure  4)  which 
disappear  in  the  ephebic  stage,  while  others  are  smooth  in  the  same 
stages.  All  have  the  fine  anastomosing  fretted  lines,  which  vary 
considerably  in  the  same  specimen  (see  plate  18,  figure  ia,  1  b), 
often  strikingly  resembling  the  markings  left  by  a  Paleschara,  while 
in  other  portions  they  are  so  crowded  as  to  appear  as  an  obscure  mass 
of  subparallel  lines,  and  in  others  again  they  have  the  appearance  of 
short  parallel  dashes  (see  plate  18,  figure  1). 

Inasmuch  as  the  considerable  larger  size  of  the  Holland  Patent 
specimens  is  due  to  the  development  of  a  fifth  volution,  the  Trenton 
individuals  having  but  four,  and  this  larger  size  goes  hand  in  hand 
with  a  somewhat  wider  spacing  of  the  sutures,  (about  three  camerae 
in  the  diameter  of  the  conch  against  four  in  the  Trenton  form), 
indicating  a  more  rapid  advance  of  the  animal  in  the  conch,  it  seems 
to  us  that  this  difference  in  the  rate  of  life  is  worthy  of  recognition 
and  we  therefore  propose  to  distinguish  the  Utica  mutation  as  mut. 
major  (plate  17,  figures  1-3;  plate  18,  figures  1-2). 

Likewise  the  variants  with  wide  overlapping  of  the  successive 
volutions  and  correspondingly  narrower  and  deeper  umbilicus  are 
so  distinct  from  the  typical  Trenton  forms,  as  they  are  figured  by 
Hall,  that  they  should  be  recognized  as  a  variety  to  be  known  as  var. 
angustiumbilicatus  (plate  17,  figure  5 ;  plate  18,  figure  3). 

In  size  attained  and  general  aspect,  especially  the  stronger  develop¬ 
ment  of  the  costae  the  Utica  form  here  described,  would  seem  to  be 
closer  to  the  Lorraine  species  T.  planorbiformis  than  the  Tren¬ 
ton  species  T.  a  m  m  o  n  i  u  s.  As  a  matter  of  fact  it  occupies  an 
intermediate  position  between  the  two,  which  in  themselves  are  but 
little  differing.  Hall  (1847,  P-  310)  could  cite  as  differences  only 
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the  frequently  stronger  transversal  and  longitudinal  ridges  and  the 
larger  size  of  the  Lorraine  form.  By  these  criterions  the  Utica  form 
could  be  with  propriety  referred  to  the  later  Lorraine  form.  T. 
planorbiformis,  according  to  the  material  before  us,  has  a 
somewhat  greater  rate  of  growth,  so  that  it  about  doubles  its  height 
in  one  volution,  while  T.  ammonius  requires  from  one-quarter 
to  one-half  a  volution  more  for  the  same  increase.  We  therefore 
prefer  to  connect  the  Utica  form  with  the  earlier  species. 

The  occurrence  of  the  same  peculiar  sculpture  upon  the  Trenton, 
Utica  and  Lorraine  forms,  as  well  as  the  general  habitus  leave  no 
doubt  that  all  three  are  closely  related  and  form  a  distinct  genetic 
line. 

Trocholites  planorbiformis  (Conrad) 

Plate  1 6,  figure  8;  plate  18,  figures  4  and  5 

Trocholites  planorbiformis  was  first  briefly  des¬ 
cribed  and  figured  by  Conrad  (1842,  p.  274)  as  follows: 

Volutions  higher  than  wide,  longitudinally  striated,  and  with 
oblique  obtuse,  transverse  lines,  approaching  at  an  angle  but  rounded 
on  the  center  of  the  back;  apex  profoundly  depressed;  back  of  the 
large  volution  flattened;  aperture  much  longer  than  wide.  Locality, 
near  Grimsby,  Upper  Canada,  in  Salmon  River  sandstone. 

Hall  (1843,  p.  310)  described  the  conch  as  “  depressed,  orbicular 
or  planorbiform,”  having  four  or  five  volutions,  which  are  wider  than 
deep,  a  deep  umbilicus,  lunate  aperture  and  elliptical  section,  which 
is  concave  on  the  inner  (dorsal)  side.  He  found  the  surface  to  be 
“  marked  by  obliquely  transverse  ridges,  which  bend  backwards, 
forming  a  broad  curve  on  the  dorsal  line,  longitudinally  striated  with 
rounded  lines.”  He  adds  that  the  surface  is  in  all  his  specimens 
exfoliated  and  the  surface  sculpture  destroyed,  that  the  character 
of  the  shell  is  much  as  in  T.  ammonius  and  that  he  was  disposed 
to  regard  it  as  a  variety  of  the  same,  but  that  he  has  rarely  found 
the  transverse  and  longitudinal  lines  so  strongly  marked  in  the 
Trenton  specimens,  and  that  the  latter  are  also  smaller.  Hall 
records  the  species  from  the  central  part  of  the  “  Hudson  River 
group  ”  at  Turin  and  from  Pulaski,  stating  that  all  the  New  York 
specimens  are  crushed. 

Foord  (1891,  p.  48)  has  later  pointed  out  that  various  British 
cephalopods  which  by  Salter,  McCoy  and  Blake  have  been  referred 
to  T.  planorbiformis,  in  some  cases  surely,  in  others  most 
probably  belong  to  different  species,1  but  he  himself  has  referred  to 

1  One  of  these  was  later  described  by  Hyatt  as  T.  blakei. 
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this  species  forms  from  the  Trenton  limestone  of  Montmorency  and 
Lorette,  near  Quebec,  which  belong  to  another  species,  and  later 
have  been  described  by  Hyatt  (1893,  p.  486)  as  T.  canadensis; 
a  fact  pointed  out  by  Whiteaves  in  his  paper  on  the  Canadian  species 
of  Trocholites  (1904).  According  to  Whiteaves  no  more  specimens 
than  the  two  types  from  Grimsby  have  been  found  in  Canada  and 
Foerste  has  (1916)  also  failed  to  find  the  species  there  in  his  thorough 
collecting,  although  he  obtained  it  in  place  at  Pulaski. 

Hyatt  (1894,  p.  490)  did  not  study  this  species  and  is  inclined  to 
let  both  its  distinctness  from  T.  ammonius  and  the  identity  of 
T.  planorbiformis  Hall  with  T.  planorbiformis 
Conrad  rest  on  Hall’s  authority  who  had  seen  Conrad’s  types. 

From  our  New  York  material  we  infer  that  T.  planorbi¬ 
formis  in  size  attained,  number  of  volutions  and  rate  of  growth 
was  close  to  the  Utica  form  T.  ammonius  major,  and  that 
on  the  specimens  the  fretted  surface  is  observable.  The  aperture 
(plate  18,  figure  4)  is  expanded  as  in  T.  ammonius,  likewise 
the  two  agree  in  the  curvature  and  spacing  of  the  sutures.  The 
growth-lines  (see  plate  18,  figure  5)  indicate  a  well-developed  hypo- 
nomic  sinus.  Also  the  differentation  between  forms  with  wide  and 
with  narrow  umbilicus  was  continued  into  Lorraine  time  (compare 
plate  16,  figure  8,  and  plate  18,  figure  4).  The  varices  and  costae 
are,  in  the  ephebic  stage,  more  crowded  and,  in  some  specimens, 
more  prominent  than  in  T.  ammonius.  The  longitudinal 
lines  appear  in  specimens  which  retain  the  rather  thick  shell,  as 
black  color  bands,  which  seem  to  develop  into  revolving  ridges  through 
weathering.  According  to  Hall  and  Hyatt  longitudinal  lines  are 
also  seen,  though  very  rarely,  on  the  Trenton  specimens  of  T. 
ammonius,  and  Hall  states  that  they  are  never  as  distinct 
as  in  T.  planorbiformis;  they  may  therefore  also  in  that 
earlier  species  represent  color-bands  but  less  developed.  The 
difference  in  rate  of  growth  has  been  discussed  under  T. 
ammonius. 

T.  planorbiformis  occurs  in  the  Pulaski  beds  at  Pulaski 
and  Lorraine  village  (see  stations  17  &  21a),  but  has  not  yet  been 
found  in  the  middle  and  upper  Utica  and  Whetstone  Gulf  or 
lower  Lorraine  formations.  It  is  thus  separated  by  a  considerable 
time  interval  from  T.  ammonius. 
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Family  Actinoceratidae  Saemann 
Genus  Actinoeeras  Bronn 
Actinoceras  crebriseptum  (Hall) 

Plate  13,  figures  4-6;  plate  14,  figures  1-4;  plate  16,  figure  7 

Hall  described  this  form  in  the  Palaeontology  of  New  York,  volume 
1,  1847,  p.  313,  briefly  as  follows: 

Elongated,  conical,  somewhat  rapidly  tapering  to  an  acute  apex; 
septa  numerous,  approximate,  deeply  arched,  distant  about  one- 
seventh  the  diameter;  siphuncle  excentric,  enlarging  in  each  cell 
and  contracting  at  its  passage  through  the  septum;  section  circular; 
surface  marked  by  longitudinal  lines,  which  are  visible  in  the  cast. 

This  description  is  accompanied  by  fairly  accurate  drawings 
(op.  cit.  plate  86,  figure  2 a;  plate  87,  figures  2 a-e).  Material  which 
has  been  secured  in  the  limestone  bands  at  Pulaski  —  some  of  the 
best  of  it  was  kindly  given  to  us  by  Doctor  Foerste  —  allows  the 
following  additions  to  our  knowledge  of  the  species.  The  shell  is  an 
orthoceracone,  with  subelliptical  section,  the  major  and  minor 
diameters  of  which  are  approximately  as  7:8,  its  rate  of  growth  is 
about  14  mm  in  100  mm  in  the  earlier,  and  18-22  mm  in  the  same 
length  in  later  growth-stages,  corresponding  to  an  angle  of  about 
10  degrees  to  13  degrees.  Fragments  indicate  that  the  conch  may 
have  reached  a  length  of  a  foot  or  more.  The  camerae  number  six 
in  the  major  diameter  of  the  conch  in  the  earlier,  and  seven  in  the 
later  stages.  They  are  hence  very  shallow  and  the  sutures  closely 
arranged.  The  depth  of  the  septa  equals  that  of  i|  camerae. 
The  sutures  are  arched  slightly  upward  on  the  siphuncular  side  and 
gently  downward  on  the  opposite  side. 

In  older  individuals  the  camerae  are  half  filled  by  organic  cal¬ 
careous  deposits  upon  the  proximal  sides  of  the  septa  and  pseudosepta 
are  sometimes  developed. 

The  siphuncle  is  strongly  excentric,  being  removed  a  distance 
equal  to  its  diameter  from  one,  and  a  distance  equal  to  2  to  3  times 
the  diameter  from  the  other  side.  It  is  less  than  one-quarter  the 
major  diameter  of  the  conch  in  width,  strongly  nummuloidal;  the 
segments  of  compressed  globular  form  in  the  mature  portions  of  the 
conch;  in  the  earlier  states  spherical  or  less  nummuloidal  and  liable 
to  be  more  inflated  distally,  giving  a  heart-shaped  section  (see  plate 
19,  figure  3).  The  organic  deposits,  forming  the  rosettes  aggregate 
around  the  short  funnels  thus  as  to  form  a  larger  upper  and  a  smaller 
lower  segment  (see  plate  13,  figure  5)  and  a  fairly  wide,  regular 
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endosiphuncular  tube.  Radiating  tubuli  (see  plate  13,  figure  4) 
are  developed  in  this  organic  deposit  as  in  other  species  of  Actinoceras. 

The  shell  was  thick  (about  1  mm  where  the  major  diameter  is 
25  mm),  provided  only  with  fine  transverse  lines  on  the  outside. 
The  inside  and  especially  weathered  specimens  show  continuous 
longitudinal  lines  which,  in  the  weathered  specimens,  seem  to  origin¬ 
ate  from  the  composition 
of  the  shell  of  longitudi¬ 
nal  bands  of  different 
hardness. 

Orthoceras  (Loxo- 
ceras)  milleri  Foerste 
(1910,  p.  76)  from  the 
base  of  the  Cincinnatian 
(Perryville  bed  of  Ken¬ 
tucky)  is  extremely  simi¬ 
lar  to  the  species  before 
us. 

Horizon  and  locality. 

A.  crebriseptum 
is  a  common  fossil  in  the 
lower  and  middle  Pulaski 
beds  at  Pulaski,  the  Lor¬ 
raine  Gulf,  Turin,  etc.  but 
it  has  also  been  collected 
near  the  top  at  Salmon 
River  falls.  Foerste  has 
not  found  it  in  Canada 
and  it  seems  very  doubt  • 
ful  whether  the  speci  - 
mens  figured  by  Bar- 
rande  (1870,  plate  434, 

figures  6-8)  under  this  name  from  Canada,  ( fide  Billings)  actually 
belong  here,  for  not  only  is  the  rate  of  growth  less  rapid,  and  the 
section  circular,  but  also  the  sutures  are  farther  apart  and  the  siph- 
uncular  segments  less  nummuloidal,  suggesting  a  reference  of  his 
material  to  O.  lamellosum  Hall.  Nor  is  it  certain  that  the 
Canadian  specimen  figured  by  Billings  (1863,  p.  218,  figure  228) 
belongs  to  this  species,  for  its  camerae  are  relatively  deeper,  the 
siphuncle  smaller  and  less  nummuloidal.1  Foord  (1888,  p.  173) 

1  Parks  and  Fritz  (1923,  p.  20  ff)  have  meanwhile  identified  with  this  species 
material  from  the  Lorraine  of  Toronto,  belonging  with  that  described  by  Barrande 
and  Billings. 


© 


2S 

Figures  22  and  23  Actinoceras  crebri¬ 
septum  (Hall).  Two  sections  of  same  speci¬ 
men.  Natural  size.  From  Lorraine  drift  (U.  S. 
National  Museum). 

Figure  24  Paractinoceras  lamellosum 
(Hall).  Section  of  fragment,  natural  size. 

Figure  25  Paractinoceras  pusillum 
nov.  Section  of  conch  (compressed).  Natural 
size.  From  Lorraine  drift.  (U.  S.  National 
Museum.) 
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mentions  a  specimen  (an  imperfect  fragment)  from  Cincinnati,  also 
to  be  considered  as  doubtfully  belonging  to  A.  crebriseptum. 

Genus  Paractinoceras  Hyatt 
Paractinoceras  lamellosum  (Hall) 

Plate  14,  figures  5  and  6;  plate  15,  figure  2 

The  species  here  referred  to  Paractinoceras  was  originally  described 
by  Hall  (1847,  p.  312)  as  Orthoceras  lamellosum  as 
follows : 

Slender,  very  gradually  tapering  to  an  acute  point.  Septa  distant 
from  one-fifth  to  one-fourth  of  an  inch,  having  a  convexity  about 
equal  to  their  distance  from  each  other ;  siphuncle  slightly  excentric ; 
surface  apparently  lamellose  or  subimbricate. 

It  is  recorded  as  being  of  “  frequent  occurrence  in  the  calcareous 
portions  of  the  Hudson  River  group  ”  and  cited  from  Turin,  Lorraine, 
Pulaski,  and  near  Rome. 

While  in  the  description  the  originals  of  figures  2  a,  b,  c  and  d  are 
referred  to  this  species,  in  the  explanation  of  the  plate  that  of  figure 
2  a  is  placed  under  Actinoceras  crebriseptum,  obviously 
on  good  grounds,  yet  indicating  the  difficulty  that  is  encountered  in 
differentiating  the  two  species  in  the  poorly  preserved  material  of 
the  Lorraine  formation.  Of  the  other  three  specimens,  only  the 
original  of  figure  2 d  is  now  extant,  in  the  American  Museum  of 
Natural  History.  For  this  reason  and  because  it  much  better  agrees 
with  Hall’s  description  than  the  other  two  and  evidently  was  his  type, 
it  should  be  considered  as  the  holotype  of  the  species.  This  speci¬ 
men  kindly  loaned  to  us  by  Doctor  Hovey,  has  afforded  the  following 
data,  which  are  corroborated  by  other  specimens: 

The  conch,  an  orthoceracone,  is  of  medium  size,  having  attained 
a  size  of  3-4  dm,  very  gradually  expanding  (at  a  rate  of  7  mm  in 
100  mm),  of  subcircular  section,  the  minor  diameter  being  but  one- 
tenth  smaller  than  the  major,  due  to  a  slightly  flatter  curve  on  the 
ventral  (?)  side.  Living  chamber  probably  very  long.  Camerae 
fairly  closely  arranged,  numbering  five  in  a  distance  equal  to  the 
major  diameter  of  the  conch,  sutures  straight  transversal,  depth  of 
septa  about  equal  to  that  of  camerae.  Siphuncle  small,  2.5  mm  wide 
at  septal  perforation,  where  conch  is  about  14  mm  wide,  slightly 
excentric  toward  the  flattened  side  of  conch,  slightly  nummuloidal, 
apparently  without  deposits. 

Surface  apparently  smooth  but  furnished  with  very  faint  trans¬ 
versal  and  crowded  fine  longitudinal  lines,  only  visible  under  a  strong 
lense. 
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The  typical  lamellosum  is  found  in  the  Pulaski  formation, 
especially  the  calcareous  sandstones  and  therefore  often  in  the  Lor¬ 
raine  drift  blocks.  In  the  Whetstone  Gulf  shales  flattened  casts  of 
a  cephalopod  are  common,  which  have  lost  all  trace  of  the  interior 
structure,  but  in  dimension,  rate  of  growth,  spacing  of  sutures  (about 
five  in  diameter  of  conch)  exactly  agree  with  P.  lamellosum. 
The  surface  is  in  these  shale  specimens  most  exquisitely  preserved 
and  consists  in  the  smaller  ones  of  sharp  intersecting  transversal  and 
longitudinal  lines,  in  the  larger  ones  of  very  sharp  raised  transversal 
lines. 

The  reference  to  Paractinoceras  is  based  on  the  slender,  but 
slightly  nummuloidal  character  of  the  siphonal  segments  and  appar¬ 
ent  absence  or  very  weak  development  of  calcareous  deposits  within 
the  siphuncle,  but  it  must  be  admitted  that  the  form  is,  in  all  its 
appearance,  except  the  slight,  interseptal  expansions  of  the  siphuncle, 
still  a  true  Orthoceras.  The  funnel  (see  text  figure  24)  appears, 
however,  to  have  been  bent  and  crumpled  as  in  the  sub-order 
Cyrtochoanites,  to  which  the  Actinoceratidae  belong. 

The  species  has  been  cited  from  the  Lorraine  beds  of  Canada  by 
Chapman,  Nicholson,  Ami,  Foerste  and  lately  by  Parks  and  Fritz, 
owing  to  the  inadequate  original  description,  with  more  or  less 
doubt. 

Paractinoceras  (?)  pusillum  nov. 

Plate  16,  figures  4-6 

There  occurs  in  the  drift  material  of  ferruginous  calcareous  sand¬ 
stone  from  the  upper  Lorraine  (Pulaski)  a  small  form  that  in  its 
general  habitus  resembles  a  young  Paractinoceras  lamel¬ 
losum.  It  differs,  however,  from  that  fairly  large  species  in 
attaining  but  a  length  of  about  100  mm  where  the  crowded  septa 
below  the  living  chamber  indicate  that  the  specimen  had  reached 
maturity.  Its  rate  of  growth  is  also  more  than  double  that  of 
lamellosum. 

The  type  is  a  small  orthoceracone  (77  mm  long,  incomplete  at 
proximal  end,  16  mm  wide  at  aperture),  growing  at  a  rate  of  18  mm 
in  100  mm.  Its  section  is  subelliptic,  with  but  slight  difference 
between  the  major  and  minor  diameters  (about  4:3).  Living 
chamber  moderately  long,  its  width  to  its  length  as  3 :  5  (width  in 
type  15.5  mm;  length  24.5  mm).  Aperture  straight  transverse. 
Camerae  closely  arranged,  numbering  five  in  the  diameter  of  the 
conch  and  2.5  mm  apart  in  the  neanic  portion.  Sutures  straight 
transverse,  depth  of  septa  about  equal  to  that  of  camerae.  Siphuncle 
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of  medium  size,  2  mm  wide  where  the  shale  has  a  diameter  of  1 5  mm ; 
near  center,  slightly  nummuloidal. 

Family  Oncoceratidae  Hyatt 
Genus  Oncoceras  Hall 

Oncoceras  pupaeforme  nov. 

Plate  16,  figures  2  and  3;  plate  19,  figures  1-8 

Description.  Medium-sized,  breviconic  cyrtoceracone  with  con¬ 
siderable  curvature,  the  arc  of  the  outer  margin  having  a  height  of 
12.5  mm  above  a  chord  55  mm  long;  very  rapidly  expanding,  the 
dorso ventral  width  increasing  a  little  more  than  1.5  times  as  fast  as 
the  length,  to  near  the  living  chamber  which  decreases  in  size  to 
about  two-thirds  of  its  former  dimension.  Living  chamber  short, 
its  length  to  its  width  (dorso ventral)  about  as  4:7,  occupying  not 
more  than  one-quarter  of  the  conch;  aperture  wide  open;  apertural 
margin  nearly  straight,  with  a  shallow  hyponomic  sinus  on  the 
outer  side  (exogastric) .  Cameras  shallow,  2  mm  deep  in  the  ephebic 
part  of  the  conch ;  the  septa  but  little  concave ;  their  depth  being  not 
much  greater  than  that  of  one  chamber,  rising  toward  the  outer  side 
of  the  conch.  Siphuncle  nummuloidal,  1  mm  wide,  subcentral. 
Surface  furnished  with  fine  growth-lines. 

Measurements.  Type  (plate  19,  figure  3);  length  (imperfect) , 
60  mm  along  outer  curve,  50  mm  median  line,  38  mm  along  inner 
curve;  width  at  proximal  end  8.5  mm;  greatest  width  28  mm;  width 
of  aperture  23  mm. 

The  largest  specimen  observed  (in  United  States  National  Museum) 
measures  35  mm  at  base  of  living  chamber  and  80  mm  along  outer 
margin  from  apex  to  living  chamber. 

Horizon  and  locality.  Upper  Utica  shale  at  Holland  Patent,  N.  Y. 

Observations.  Owing  to  the  strong  compression  of  the  shells  in 
the  shale,  there  is  some  uncertainty  as  to  the  diameter  of  the 
conch. 

A  comparison  of  the  specimens  exhibiting  the  lateral  side  (as 
plate  19,  figures  2  and  3)  with  such  showing  the  ventral  one  (figure 
4)  leaves,  however,  no  doubt  that  the  conch  was  compressed  in  form, 
and  the  dorso-ventral  diameter  about  one-sixth  longer  than  the 
transversal  diameter,  and  probably,  as  indicated  by  the  more  fre¬ 
quent  longitudinal  breaks  the  outer  (ventral)  side  was  rounder  than 
the  inner  (dorsal)  one.  Figure  4  indicates  that  as  in  other  Oncocera¬ 
tidae  the  living  chamber  contracted  most  strongly  in  the  transverse 
diameter. 
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Specimens  i,  2  and  6  represent,  as  shown  by  the  last  two  closely 
arranged  septa,  fully  mature  or  gerontic  individuals  and  the  cur¬ 
vature  of  the  conchs  shows  that  the  contraction  of  the  living  chamber 
began  only  shortly  before  that  stage  was  reached. 

O.  pupaeforme  is,  among  its  congeners,  most  similar  to 
the  Trenton  form  O.  constrictum;  readily  distinguished, 
however,  from  the  latter  by  its  lesser  curvature  and  the  subcentral 
position  of  the  siphuncle. 

Among  Cincinnatian  fossils  our  species  could  be  compared  only 
with  “Gomphoceras”  cincinnatiense  and  G. 
f  a  b  e  r  i  Miller  (1884,  P-  I9)  two  Maysville  (Corryville)  forms  that 
are  probably  congeneric  with  O.  pupaeforme  and  similar  in 
general  habitus.  At  any  rate  it  is  very  doubtful  whether  they  belong 
to  Gomphoceras  which  has  a  laterally  contracted  aperture  with  an 
extended  hyponomic  sinus ;  while  the  two  species  exhibit  a  generally 
contracted  living  chamber  as  in  Oncoceras.  They  differ  in  having 
the  siphuncle  close  to  the  convex  side  (ventral  side  Miller),  while  in 
O.  pupaeforme  it  is  situated  subcentrally. 

While  the  contraction  of  the  living  chamber  is  currently  considered 
as  a  gerontic  feature,  it  appears  in  the  specimens  here  referred  to 
O.  pupaeforme  both  in  larger  and  smaller  individuals  carried 
to  such  an  extent  (compare  plate  19,  figures  2  and  6)  that  if  all  belong 
to  one  species  the  individuals  had  reached  maturity  at  very  different 
sizes.  There  can  be  distinguished  a  group  of  large  mature  forms, 
represented  by  figure  3  and  of  small  mature  forms,  represented  by 
figure  2.  It  would,  according  to  the  common  modes  of  procedure 
in  distinguishing  species  in  Paleontology,  be  proper  to  separate 
these  two  series  into  two  different  species  or  at  least  varieties.  The 
failure,  however,  to  find  any  other  differences  suggestive  of  specific 
separation,  but  that  of  relative  size,  and  the  improbability  that 
different  individuals  of  a  species  should  reach  maturity  at  such 
different  sizes,  lead  to  the  inference  that  the  two  larger  and  smaller 
groups  of  individuals  represent  the  two  sexes  of  one  species,  an 
inference  that  is  supported  by  the  well-known  difference  in  size 
between  the  two  sexes  of  many  recent  cephalopods;  the  males  usually 
being  the  smaller. 

The  two  forms  may  hence  be  distinguished  here  as  Oncoceras 
pupaeforme  mas  and  O.  pupaeforme  femina. 

Specimens  as  that  respresented  by  plate  16,  figure  2  which,  although 
larger  than  the  group  of  smaller  forms  with  contracted  apertures, 
retain  the  wide  open  aperture  and  uncontracted  living  chamber  of 
the  immature  stages  are  here  considered  as  such  stages  of  the  larger 
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(female)  (O.  pupaef  orme  femina)  individuals.  Other¬ 
wise  they  would  have  to  be  separated  as  a  third  species,  belonging 
to  Cyrtoceras.  They  are,  however,  found  not  only  associated  at 
the  same  horizon  with  the  other  two  forms,  but  in  rate  of  growth, 
depth  of  camerae  and  curvature,  they  fully  agree  with  the  others. 

This  interesting  subject  has  been  discussed  by  the  writer  in  a  paper 
On  Sex  Distinction  in  Fossil  Cephalopods  (N.  Y.  State  Mus.  Bui. 
227-28,  1919,  p.  68-70). 

Phylum  Arthropoda 
Subphylum  Branchiata 
Class  Crustacea 
Subclass  Trilobita 
Order  Hypoparia 
Family  Trinucleidae  Emmrich 
Genus  Cryptolithus  Green 

Cryptolithus  bellulus  (Ulrich) 

Plate  21,  figures  1-3 

Cryptolithus  bellulus  occurs  in  both  the  Indian 
Ladder  and  Whetstone  Gulf  beds  of  New  York.  It  was  originally 
(1878,  p.  99)  described  from  the  Cincinnati  group  of  Covington,  Ky. 
It  has  also  been  described  by  Ruedemann  from  the  Indian  Ladder 
beds  in  eastern  New  York,  by  Bassler  (1919,  p.  333)  from  the  Eden 
division  of  the  Martinsburgh  shale  of  the  neighborhood  of  McCon- 
nellsburg,  Pa.  and  lately  by  Foerste  (1924)  from  a  number  of  localities 
in  Quebec,  and  also  from  the  Don  Valley  brickyard  at  Toronto  and 
the  Sheguiandah  clay  of  Manitoulin  island  in  Lake  Huron.  The 
form  is  therefore  of  wide  distribution  in  northeastern  North  America 
in  beds  of  Eden  age.  It  is  one  of  the  commoner  fossils  of  the  Whet¬ 
stone  Gulf  formation  of  New  York. 

Foerste  (1924,  p.  237)  states  its  differences  from  other  species  as 
follows : 

Compared  with  other  species,  entire  cephalon  remarkably  low  and 
flat.  Neither  the  glabella  nor  the  fixed  cheeks  as  strongly  convex 
as  in  C.  t  e  s  s  e  1  a  t  u  s,  pitted  brim  flattish  and  almost  horizontal 
in  position.  Pits  forming  the  two  outer  rows  of  the  brim  con¬ 
spicuously  larger,  tending  to  be  arranged  radially,  with  the  posterior 
end  of  the  glabella  at  the  center  of  the  radii.  The  pits  of  the  inner 
rows  alternate  in  position. 
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We  may  add  that  the  prominent  girder  separating  the  two  con¬ 
nected  anterior  rows  from  the  posterior  ones  in  C.  tesselatus 
is  entirely  absent  in  C.  bellulus,  while,  on  the  other  hand,  one 
of  the  differential  characters  mentioned  by  Ulrich  is  not  any  more 
valid.  This  refers  to  the  absence  of  the  long  spines  from  the  posterior 
angles  of  the  shield. 

The  investigations  of  Cowper  Reed,  Foerste  and  others  have  since 
shown  that  the  genal  spines  are  extensions  of  the  “  girder  ”  separat¬ 
ing  the  first  and  second  rows  of  punctures  on  the  underside,  and  the 
preservation  of  the  spines  is  thus  dependent  on  that  of  the  lower 
plate  of  the  brim.  They  were  therefore  undoubtedly  a  steady 
feature  of  Cryptolithus. 

A  further  species,  Cryptolithus  recurvus  Ulrich 
(Bassler,  1925,  p.  394)  has  been  recognized  in  the  Eden  of  Covington, 
Ky.  and  at  Jordans  Knob,  Pa.,  and  it  may,  according  to  Foerste 
(1924,  p.  239),  also  occur  in  Quebec.  It  is  principally  distinguished 
by  the  great  width  and,  as  its  name  implies,  the  decided  posterior 
recurvance  of  its  border.  Foerste  (1924,  p.  239)  has  also  found  it 
on  the  Nicolet  river  in  Quebec  and  it  will  therefore  be  found  probably 
in  our  Whetstone  Gulf  formation.  As  a  matter  of  fact,  one  of  the 
characters  which  is  cited  by  Ulrich  as  distinguishing  C.  recurvus 
from  all  American  species  of  the  genus,  namely  the  finely  punctate 
and  not  reticulate  marking  of  the  glabella  and  lateral  lobes  is  shown 
by  our  whole  material  of  bellulus. 

Cryptolithus  lorrainensis  nov. 

Plate  21,  figures  4-5 

The  species  here  referred  to  is  generally  known  among  students  as 
Trinucleus  concentricus  (Eaton),  this  name  having 
secured  general  adoption  through  its  use  in  Hall’s  volume  I  of  the 
Palaeontology  of  New  York.  The  species  was  described  at  almost 
the  same  time  (1832)  by  Green  as  Cryptolithus  tesse¬ 
latus  and  by  Eaton  as  Nuttainia  concentrica;  Hall 
adopted  the  specific  name  proposed  by  his  teacher  and  the  generic 
term  Trinucleus  (Llwydd)  Murchison  then  used  in  Murchison’s 
Silurian  System.  Foerste  (1910,  p.  78  ff)  has  recently  investigated 
the  merits  of  these  various  specific  and  generic  names  and  come  to 
the  conclusion  that  Cryptolithus  tesselatus  has  the 
right  of  priority,  a  view  corroborated  by  Raymond  (1913,  p.  4)  and 
adopted  by  Bassler  (1915,  p.  295). 

Bassler,  presenting  in  his  Bibliographic  Index  the  most  advanced 
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taxonomic  views  that  are  extant  in  the  literature  gives  Crypto- 
lithus  tesselatus  a  range  from  the  Trenton  to  the  Maysville 
and  a  geographic  distribution  from  Canada  and  New  York  to  Okla¬ 
homa,  Kentucky  and  Virginia.  It  has  also  been  recorded  from  the 
Middle  Bala  limestone  of  Shropshire,  England  (see  Cowper  Reed, 
1912,  p.  352).  In  New  York  this  species  is  supposed  to  range  from 
the  basal  Trenton  (Glens  Falls  limestone)  to  the  top  of  the  Lorraine, 
save  the  last  zone,  (that  of  Pholadomorpha  pholadi- 
f  o  r  m  i  s) ;  Hall  having  already  described  it  as  a  fossil  occurring  in 
both  the  Trenton  limestone  and  “  Hudson  River  shales  ”  but 
“  unknown  in  the  intermediate  Utica  shale.”  Beecher  has  later 
(1895,  P-  3°9)  a^so  described  specimens,  retaining  the  appendages, 
from  the  Utica  ( rectius  Frankfort)  shale  at  Rome  (Six-mile  creek 
section),  while  the  present  writer  (1912)  has  recorded  the  pres¬ 
ence  of  C.  tesselatus  in  the  shales  of  Trenton  age  in  the 
Mowhawk  and  Hudson  valleys  (Canajoharie  shale,  Snake  Hill 
shale,  Schenectady  beds),  as  well  as  in  the  Frankfort  shale.  Ray¬ 
mond  (1916,  p.  248)  has  then  pointed  to  the  fact  that  C.  tesse¬ 
latus  is  restricted  to  certain  definite  horizons  in  the  Trenton,  and 
is  exceedingly  abundant  very  near  the  base  of  the  Trenton,  in  the 
Glens  Falls  limestone,  occurring  also  in  the  lowest  layers  at  Trenton 
falls,  but  not  in  the  Trenton  anywhere  west  of  the  Adirondacks, 
then  again  in  the  Utica  at  Rome  and  next  in  the  Lorraine  formation. 
Foerste  (1914,  p.  318)  has  suggested  that  it  is  scarcely  likely  that  the 
Cryptolithus  found  in  the  Pulaski  or  upper  Lorraine  belongs  to  the 
same  species,  as  Green’s  types  which  came  from  the  shale  at  Water¬ 
ford,  belonging  to  the  Snake  Hill  formation  of  lower  Trenton  age. 
He  carefully  described  the  Pulaski  type  (see  below). 

It  is  obvious  that  Hall  had  already  attempted  to  separate  the 
Trenton  and  Lorraine  representatives  of  Cryptolithus.  He  states 
(1842,  p.  255): 

The  specimens  from  the  slates  of  the  Hudson  River  group  are  more 
flattened  than  those  from  the  Trenton  limestone.  In  a  large  number 
of  specimens  examined,  there  are  four  rows  of  punctures  in  front  of 
the  buckler,  while  a  few  have  but  three  rows;  on  the  other  hand, 
those  with  four  rows  are  rare  in  the  Trenton  limestone,  while  those 
with  three  rows  are  the  prevailing  form.  This  difference,  however, 
can  not  be  regarded  as  essential,  for  in  a  few  instances  there  are 
five  rows,  and  very  frequently  five  or  six  rows  on  the  maxillary  margin, 
near  the  posterior  termination  of  the  buckler. 

Ulrich  (1878,  p.  99)  has  already  separated  off  as  C.  b  e  1 1  u  1  u  s 
a  small  form  apparently  restricted  in  the  west  to  the  Economy 
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horizon  of  the  Eden  beds  and  in  New  York  to  the  Whetstone  Gulf 
formation. 

In  the  endeavor  to  elaborate  the  differences,  if  there  are  any, 
between  the  Trenton  and  Lorraine  representatives  of  C.tesse- 
1  a  t  u  s  ,  we  have  brought  together  large  series  of  Trenton  limestone 
specimens,  mainly  from  the  Glens  Falls  limestone,  but  also  from 
higher  beds  (Boonville),  and  Lorraine  material,  as  well  as  smaller 
series  of  Snake  Hill,  Canajoharie  and  Schenectady  specimens.  A 
general  survey  of  these  shows  that  Hall’s  suggestion  of  a  difference 
in  the  development  of  the  brim  is  absolutely  true,  when  one  com¬ 
pares  specimens  of  equal  stage  of  development,  for  we  have  blocks 
of  Glens  Falls  limestone  and  lower  Trenton  from  Trenton  falls 
before  us,  entirely  filled  with  carapaces,  none  of  which  shows  more 
than  three  rows  of  pits  in  front  of  the  glabella,  while  blocks  of  Lorraine 
shale,  equally  crowded  with  mature  specimens  of  the  same  size 
show  none  with  less  than  four  rows  of  pits.  This  difference  marks 
then  a  fully  recognizable  stage  in  the  progressive  development  of 
the  brim  or  fringe. 

Hall’s  failure  to  recognize  it  as  of  specific  value  is  obviously  due 
to  the  fact  that  he  counted  the  material  from  the  eastern  shales 
of  Trenton  age  (Canajoharie,  Snake  Hill,  Schenectady)  with  the 
Lorraine  beds  (“  Hudson  River  beds  ”). 

While  we  have  not  been  able  to  find  mature  specimens  in  the 
Trenton  limestone  with  four  rows,  we  have  specimens  from  Rowland 
Mills  before  us  of  the  great  width  of  21  mm  with  but  three  rows  of 
pits  in  front,  the  fourth  not  beginning  till  the  middle  of  the  “  cheek.” 

As  Green’s  type  specimens  came  from  the  Trenton  shales  about 
Waterford,  near  the  junction  of  the  Mohawk  and  Hudson  rivers, 
it  is  of  vital  importance  for  the  differentiation  of  the  species  of  Crypto- 
lithus  to  establish  the  characters  of  the  members  of  Cryptolithus 
in  the  Canajoharie  and  Snake  Hill  shales,  which  both  are  found  near 
Waterford.  Green  himself  has  described  his  species  as  follows 
(1832,  p.  73): 

Clypeo  rotuhdato,  fronte  valde  convexo,  capite  antice  semi-circulari 
margine  tesselato  ornato. 

Outline  of  buckler  hemispherical,  the  edge  surrounded  by  a  semi¬ 
circular  border  of  tesselated  or  rounded  punctures,  in  three  con¬ 
centric  rows  in  front  —  on  each  side  near  the  posterior  angle  of  the 
buckler,  these  rows  of  punctures  are  more  numerous;  the  front  is 
highly  convex;  is  rounded  before,  and  gradually  tapers  towards  the 
abdomen.  The  cheeks  form  spherical  triangles,  and  are  entirely 
destitute  of  oculiferous  tubercles  or  any  other  markings ;  their 
posterior  angles  project  beyond  the  sides  of  the  abdomen.  Abdomen 
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and  tail  very  much  compressed,  and  composed  of  about  ten  articu¬ 
lations;  costal  arches  of  the  lateral  lobes  grooved;  tail  attenuated. 
Whole  length  half  an  inch. 

Green  especially  states  the  number  of  pits  to  be  three,  and  while 
it  is  probable  that  his  type  specimen  is  not  a  mature  one,  it  is  on 
the  other  hand  a  fact  that  Lorraine  specimens  scarcely  more  than 
half  the  size  of  Green’s  type  have  four  rows  of  pits  in  front  and  that 
larger  Trenton  specimens  than  Green’s  have  but  three  rows  of  pits. 
Ulrich’s  minute  C.  bellulus  has  also  four  rows. 

Green’s  statement  is  corroborated  by  our  material  from  the  shales 
of  Trenton  age  in  the  lower  Mohawk  and  Hudson  valleys  (Cana- 
joharie,  Snake  Hill  and  Schenectady  beds).  Unfortunately  the 
specimens  we  have  obtained  in  these  formations  are  but  small  and 
in  part  fragmentary,  or  disfigured  through  the  intense  folding  of  the 
shales,  and  hence  not  as  conclusive  as  would  be  desirable.  We  have, 
however,  at  least  six  carapaces  of  mature  specimens  from  the  Snake 
Hill  shale,  which  distinctly  show  the  rows  of  pits.  Of  these  three 
have  but  three  rows,  in  two  the  fourth  row  reaches  the  glabella 
entirely  or  nearly,  the  pits  being,  however,  so  small  and  so  crowded 
against  those  of  the  third  row  as  to  be  indistinct,  while  in  the  Lor¬ 
raine  they  are  but  little  less  developed  than  those  of  the  outer  rows. 
The  sixth,  a  specimen  of  the  very  unusually  large  width  of  21  mm, 
has  four  distinct  rows.  Of  four  carapaces  from  the  Canajoharie 
shale  three  have  undoubtedly  but  three  rows ;  the  fourth  may  possibly 
have  had  a  small  fourth  row.  The  material  of  Cryptolithus  from  the 
Schenectady  beds  is  too  fragmentary  to  be  of  any  use  in  this  case. 

Green’s  and  our  material  show  at  least  one  fact,  namely  that  the 
Cryptolithus  from  the  “  Hudson  River  shales  ”  is  distinct  from  the 
Lorraine  Cryptolithus  in  the  matter  of  the  rows  of  pits  and  that  in 
this  character  it  better  agrees  with  the  Trenton  material.  We  shall 
presently  see  that  there  are  still  other  characters  to  corroborate 
this  correlation. 

We  have  no  knowledge  of  the  characters  of  the  carapace  of  the 
Utica  Cryptolithus,  since  we  have  never  yet  found  a  Cryptolithus 
in  the  Utica  shale.  The  supposed  Utica  shale  at  Six-mile  creek  near 
Rome  is  the  Frankfort  shale  and  contains  C.  bellulus. 

The  brims  of  the  Trenton  and  Lorraine  forms  of  Cryptolithus 
exhibit  still  further  differences.  There  is  a  tendency  to  a  radial 
arrangement  of  the  corresponding  pits  of  the  two  outer  rows  and  to 
their  union  in  depressed  sulci ;  such  as  is  seen  in  the  British  T  r  i  - 
nucleus  seticornis  (Hisinger) ;  1  this  tendency  has  been 


1  See  Cowper  Reed,  1912,  plate  19,  figure  5. 
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followed  farther  in  the  Lorraine  material  if  not  in  so  far  as  the  further 
outward  extension  of  the  radial  arrangement  is  concerned,  then  in 
the  development  of  the  deeper  sulci,  although  it  must  be  conceded 
that  much  of  this  latter  feature  may  be  due  to  the  preservation  of  the 
interior  caste  of  the  brims  of  the  Lorraine  material  only;  for  while 
the  Trenton  specimens  when  fully  preserved  show  no  trace  of  this 
union  of  two  pits  in  one  sulcus,  the  interior  cast  of  the  cavity  of  the 
brims  shows  the  outer  pits  united,  because  they  were  surrounded 
by  a  thicker  rim.  The  diff erences  of  preservation  between  the  uncom¬ 
pressed  specimens  from  the  Trenton  limestone,  preserving  the  test, 
and  the  flattened  specimens  from  the  Lorraine  shale,  in  which  all 
trace  of  the  test  has  disappeared,  are  apt  to  suggest  imaginary  differ¬ 
ences  of  structure  and  also  hinder  a  conclusive  comparison  of  the 
outlines  of  the  carapaces,  but  there  can  be  no  doubt  that  the  cara¬ 
paces  of  the  Lorraine  material  are  more  rounded  in  outline  than  those 
of  the  Trenton  that  are  rather  squarish  appearing  in  front,  and  what 
is  more  material,  they  are  relatively  longer,  their  length  to  their 
width  being  as  1:2,  while  in  the  Trenton  material  it  is  as  1:2.5. 
Actual  measurements  of  largest  carapaces  of  the  former  are  11:22, 
of  the  latter  8:20,  8:21  in  Glens  Falls  limestone  specimens,  and  8:20 
in  the  largest  Snake  Hill  shale  specimen.  This  difference  is  not 
attributable  to  the  preservation  but  is  in  part,  at  least,  correlative 
to  and  induced  by  the  greater  width  of  the  brim  and  it  is  important 
that  in  this  feature  the  Snake  Hill  and  Canajoharie  material  fully 
agrees  with  that  from  the  Glens  Falls  limestone. 

The  genal  spines,  as  well  as  the  smaller  spine  of  the  occipital  ring 
are  present  in  both  forms,  and  their  absence  or  presence  in  specimens 
is  merely  a  matter  of  preservation. 

It  is  very  difficult  to  compare  the  pygidia  because  the  Trenton 
limestone,  as  already  remarked  by  Hall,  does  not  furnish  these 
obviously  thin,  delicate  plates,  however  common  the  carapaces  may 
be.  The  pygidia  from  the  Snake  Hill  beds  when  compared  with 
those  from  the  Lorraine  are  more  distinctly  triangular,  the  posterior 
margin  being  nearly  straight  or  at  least  not  so  well  rounded  as  that 
of  the  Lorraine  specimens.  A  still  more  distinct  difference  is  seen 
in  the  greater  width  and  less  tapering  outline  of  the  axis  of  the 
pygidium  in  the  Snake  Hill  types. 

It  is  on  these  differences  that  we  have  separated  the  Lorraine 
species  as  C.  lorrainensis  from  the  Cryptolithus 
tesselatus  Green  of  the  Trenton. 

We  can  do  no  better  than  to  copy  here  Foerste’s  description  (1914, 
p.  318)  of  the  Lorraine  form: 
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The  following  is  a  description  of  a  series  of  specimens  occuring  in  a 
single  block  of  fine-grained  Lorraine  rock  from  which  most  of  the 
lime  had  been  dissolved,  leaving  the  specimens  in  the  form  of  casts 
of  the  upper  and  lower  surfaces  of  the  cephalon. 

Glabella  obovate,  tumid  in  front,  becoming  lower  and  narrower 
posteriorly ;  at  the  posterior  margin  of  the  cephalon  its  width  is 
equal  to  half,  or  slightly  less  than  half  the  width  of  the  glabella 
anteriorly.  Here  the  posterior  end  of  the  glabella  is  crossed  by  the 
nuchal  furrow  in  a  direction  convex  to  the  rear,  posterior  to  which 
the  glabella  extends  with  a  rounded  V-shaped  outline,  projecting 
behind  the  posterior  margin  of  the  cephalon  a  distance  about  equal 
to  the  width  of  the  glabella  at  this  margin.  Posteriorly,  this  nuchal 
V-shaped  segment  of  the  glabella  terminates  in  a  sharp  narrow  spine 
about  2  mm  in  length,  always  present,  but  generally  overlooked. 
On  each  side  of  the  posterior  part  of  the  glabella,  in  the  nuchal 
groove,  and  also  a  very  short  distance  anteriorly,  there  is  a  small 
depression  or  pit  which  is  the  only  evidence  of  segmentation  shown 
by  the  glabella.  The  glabella  rises  an  amount  equal  to  almost  half 
its  width  above  the  general  convexity  of  the  cheeks.  The  latter  are 
moderately  convex  over  most  of  their  surface,  becoming  slightly 
tumid  only  laterally,  where  they  adjoin  the  pitted  border.  A  nar¬ 
row  groove  separates  the  cheeks  from  the  equally  narrow  raised 
posterior  border  of  the  cephalon.  For  two-thirds  the  width  of  the 
cheek,  the  posterior  border  of  the  cephalon  is  directly  at  right  angles 
to  the  longitudinal  axis  of  the  cephalon,  and  then  curves  diagonally 
backward  toward  the  genal  spines.  The  pitted  area  extends,  from 
the  pitted  lateral  border,  around  the  postero-lateral  part  of  the  cheeks 
almost  as  far  as  the  point  at  which  the  posterior  border  of  the  cephalon 
begins  to  curve  diagonally  backward.  Anterior  to  the  glabella 
there  are  four  concentric  rows  of  pits,  which  remain  distinct  as  far 
as  a  point  opposite  the  posterior  margin  of  the  free  cheeks.  A 
fifth  row  is  intercalated  between  the  third  and  fourth  rows  from 
the  front,  at  a  point  almost  directly  in  front  of  the  middle  of  the 
cheeks,  and  a  sixth  row  is  intercalated  between  the  fourth  row  and 
the  cheeks,  a  little  anterior  to  the  mid-length  of  the  latter. 

The  first  two  rows  of  pits,  counting  from  the  anterior  margin, 
may  be  distinguished  from  the  remainder  by  the  fact  that  for  about 
two-thirds  of  the  width  of  the  cephalon  the  pits  of  these  two  rows 
are  vertically  in  front  of  each  other  and  the  line  of  separation  between 
the  members  of  each  pair  depressed,  so  that  here  the  pitted  border 
consists  of  a  lateral  succession  of  pairs  of  pits  sunk  into  a  common 
depression.  Specimens  differ  widely  as  to  the  degree  in  which  this 
appearance  of  a  lateral  succession  of  pairs  finds  expression.  Toward 
the  genal  angles,  the  pits  of  these  first  two  rows  become  alternate. 
The  pits  on  the  lower  surface  of  the  cephalon  correspond  in  position 
to  those  on  the  upper  surface,  and  between  the  first  and  second  rows 
on  this  lower  surface,  there  is  a  raised  ridge  which  may  be  traced 
backward  into  the  genal  spines.  In  well-preserved  specimens  the 
latter  extend  straight  backward,  continuing  in  the  direction  of  the 
lateral  border  of  the  cephalon.  Specimens  differ  greatly  in  their 
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relative  width  and  length,  probably  due  to  different  degrees  of 
depression  of  the  convex  cephalon,  but  the  best  preserved  specimens 
show  a  ratio  of  44  per  cent  between  the  length  of  the  cephalon,  as 
far  back  as  its  straight  posterior  border,  and  its  width. 

The  specimens  here  described  were  obtained  from  a  block  in  the 
upper  part  of  the  gulf  west  of  Turin,  near  the  upper  part  of  the 
road  ascending  southwestward  toward  a  school  house  on  the  pike. 

It  may  be  added  that  some  well-preserved  specimens  show  three 
pits  or  depressions  in  the  nuchal  groove,  the  same  as  C.  tesse- 
latus.  The  surface  of  the  glabella  is  entirely  smooth  in  most 
specimens,  in  some,  however,  finely  pitted. 

The  tubercle  on  the  glabella  considered  by  the  writer  as  a  median 
or  parietal  eye,  and  the  supposed  suture  lines  on  the  frontal  part  of 
the  glabella  as  well  as  on  the  cheeks,  have  been  described  before  by 
him  (1916,  p.  127,  144).  Of  the  figures  given  there  of  Cry ptoli thus 
on  plate  35,  figure  6  represents  a  Cryptolithus  lorrain- 
e  n  s  i  s,  the  others  C.  tesselatus.  The  difference  between  the 
brims  of  the  two  species  is  well  shown  in  figures  6  and  7. 

The  glabella  grows  with  advancing  age  relatively  larger  than  the 
carapace  and  becomes  bulbous  in  the  gerontic  stage  while  in  the 
earliest  stages  it  is  but  little  protruding  and  elongate  elliptic.  This 
is  probably  connected  with  the  feeding  habits  of  Cryptolithus,  which 
gorged  itself  with  mud,  for  as  Beecher  (1895,  P-  311)  bas  pointed  out, 
many  specimens  have  been  found  preserving  the  cast  of  the  ali¬ 
mentary  canal  indicating  such  a  habit.  Jaekel  (1901)  has  suggested 
that  the  bulging  glabellar  lobe  in  Cryptolithus  and  similar  mud¬ 
feeding  forms  was  necessary  to  provide  room  for  the  capacious 
stomach  and  this  feature  is  overemphasized  in  the  gerontic  specimens. 
In  the  carapace  figured  here,  which  possesses  the  large  width  of 
29  mm  and  a  length  of  12  mm,  the  glabella  has  encroached  to  such 
an  extent  upon  the  brim  that  the  number  of  rows  is  again  reduced 
to  three  in  front  of  the  glabella,  although  all  the  adolescent  and 
mature  stages,  which  fill  the  rock  possess  four;  and  the  third  row  is 
distinctly  pressed  forward. 

The  test  is  very  rarely  preserved  in  the  Lorraine  material  and 
hence  there  is  generally  seen  only  a  cast  of  the  interior.  Where  this 
test  is  preserved,  a  median  row  of  strong  mucros  is  seen  on  the  axial 
lobe. 

Foerste  (1924,  p.  238)  has  also  pointed  out  the  differences  between 
C.  lorrainensis  and  C.  b  e  1 1  u  1  u  s,  as  follows : 

At  the  Rafinesquina  pulaskiensis  zone,  west  of  the 
bridge  1  mile  east  of  Pulaski,  N.  Y.,  specimens  of  Cryptolithus 
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occur  which  resemble  C.  bellulus  in  the  long,  acicular  spine 
terminating  the  nuchal  segment  posterior  to  the  glabella,  and  in 
the  number  and  arrangement  of  the  pits  on  the  broad  brim.  The 
cephalon,  however,  is  relatively  longer,  narrower  and  more  convex, 
and  the  posterior  border  of  the  cephalon  curves  more  strongly  back¬ 
ward  toward  the  postero-lateral  angles.  Two  pits  occur  on  each  side 
of  the  cast  of  the  lower  surface  of  the  posterior  end  of  the  median 
lobe:  one  at  the  anterior  margin  of  the  distinct  nuchal  furrow,  a 
short  distance  above  the  level  of  the  dorsal  furrow;  the  other  pit  at 
the  posterior  margin  of  the  nuchal  furrow.  These  pits  are  remnants 
of  former  segmentation  of  the  glabella.  Immediately  anterior  to 
the  nuchal  furrow  the  posterior  margin  of  the  glabella  is  slightly 
ridged  transversely. 

We  may  add  that  both  C.  bellulus  and  lorrainensis 
differ  from  the  other  American  congeners  in  the  pitted  surface, 
instead  of  a  reticulated  one,  and  in  the  absence  of  the  dividing  girder 
between  the  first  two  rows  of  paired  pores  and  posterior  rows  of 
alternating  pores  of  the  brim.  C.  lorrainensis  is,  however, 
distinctly  larger  and  the  cephalon  longer  and  more  convex  both  in 
the  glabella  and  in  the  cheeks,  characters  in  which  the  species  again 
approaches  C.  tesselatus. 

The  form  figured  by  Cowper  Reed  from  the  Middle  Bala  of 
England,  as  Trinucleus  concentricus  (1912,  plate  18, 
figure  4;  1914,  plate  29,  figures  3,  3a)  is  probably  nearer  related  to 
C.  lorrainensis. 

While  in  the  Trenton  limestone  one  only  finds  the  carapaces 
crowded  in  the  rock,  getting  the  impression  that  these  are  the  remains 
of  the  moulting  of  the  trilobites,  one  finds  in  the  Lorraine  entire 
specimens,  for  the  most  part  spread  out  flat,  crowding  the  rock.  A 
slab  in  the  State  Museum,  5  by  7  inches  and  containing  on  one  side 
the  tests  of  about  sixty-six  specimens  has  been  reproduced  in  plate  4 
of  part  1  (Bull.  258).  These  are  not  spread  out  on  a  bedding  plane, 
but  fill  the  rock  in  such  a  way  as  to  give  the  impression  that  groveling 
in  the  mud,  they  were  buried  where  they  lived.  Some  are  enrolled, 
(see  plate  21,  figure  6)  in  which  case  the  pygidium  snugly  fits  the 
underside  of  the  carapace,  leaving  the  brim  free.  It  is  seen  that  in 
the  enrolled  condition,  the  two  genal  spines  together  with  the  posterior 
spine  of  the  occipital  ring  served  as  a  complete  protection  for  the 
most  endangered  part  of  the  trilobite,  which  is  the  segmented  thorax. 

Cryptolithus  goldfussi  (Barrande)  is  a  European 
Ordovician  form  that  is  extremely  similar  to  C.  lorrainensis 
in  general  outline  and  may  well  be  a  vicarious  form  of  the  eastern 
Atlantic  basin  to  our  Lorraine  form  that  probably  originated  in  the 
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western  Atlantic.  The  two  similar  species  still  differ  in  the  number 
of  rows  of  pits  that  reach  the  front  of  the  glabella,  this  number  rising 
in  the  European  species  to  five  and  six. 

Order  Opisthoparia 
Family  Olenidae  Burmeister 
Genus  Triarthrus  Green 

Triarthus  becki  Green,  emend.  Ruedemann 

Plate  21,  figures  10-12 

“Triarthrus  becki”  is  one  of  the  widest  known  of 
trilobites  because  it  is  considered  an  important  index  fossil  of  the 
Utica  shale,  and  especially  because  it  has  furnished  the  material 
for  the  classic  investigations  of  the  appendages  of  trilobites  by 
Beecher  and  Walcott.  It  is,  therefore,  with  deep  regret  that  I  find 
myself  constrained  by  facts  that  have  been  discovered  to  restrict 
Green’s  species  to  a  form  that  occurs  below  the  Utica  shale  and  is 
specifically  different  from  the  Utica  species. 

Green’s  type  material  of  his  Triarthrus  becki  (Green, 
1832,  p.  87)  came,  according  to  a  label  with  an  original  cast  (United 
States  National  Museum  no.  4966)  from  the  “  Caboose  Falls,  N.  Y., 
and  Green  states:  “  This  fossil  occurs  in  black  shaly  limestone, 
on  the  canal  near  Cohoes  falls,  in  the  State  of  New  York,  and  at  a 
number  of  other  places  in  that  State.”  While  it  appears  from  this 
statement  that  Green,  as  his  successors,  included  the  Utica  form  in 
his  species,  the  fact  remains  that  his  i  ion  and  figure  are 
based  on  the  type  from  the  Cohoes  falls.  Thi  <ie  now  comes  from 
the  Snake  Hill  formation,  which  is  Trenton  in  age,  and  further  it 
differs  specifically  from  the  Utica  and  Frankfort  species.  Before 
we  were  aware  of  this  fact,  we  had  already  recognized  this  difference 
between  the  Lake  Champlain  material  of  Triarthrus  and  the  Utica 
form  and  described  the  former  as  a  new  species.  Our  new  name  is 
now  a  synonym  of  becki  and  the  Utica  species  instead  requires  a 
new  name. 

Perusal  of  the  early  literature  on  our  trilobites  brings  out  that 
there  have  already  various  names  been  proposed  for  this  species  of 
the  Utica  shale  and  that  the  synonymy  is  quite  involved.  First, 
Harlan  (1835,  p.  263)  3  years  after  Green’s  proposal  of  the  name 
Triarthrus  rejected  that  name  on  the  ground  that  Green  had  wrongly 
described  the  cranidium  as  the  pygidium  and  that  the  name  was 
therefore  a  misnomer.  At  the  same  time  he  believed  he  saw  certain 
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di Terences  between  Green’s  species  and  the  form  from  Utica  on  the 
strength  of  which  he  proposed  the  species  Paradoxides 
triarthrus  and  Paradoxides  arcuatus.  The  former 
is  supposed  to  have  been  relatively  broader  but  is  concededly  based 
upon  a  distorted  specimen,  the  second  species  arcuatus  is 
stated  to  differ  from  becki  “in  the  greater  proportional  size 
and  form  of  the  lateral  lobes  of  the  buckler.”  As  a  matter  of  fact, 
the  fixed  cheeks  of  the  Utica  species  are  not  at  all  larger  than  those 
of  T.  becki  but  smaller  and  more  abruptly  contracted  forward 
(see  below).  It  would  thus  seem  that  neither  name  has  any  title 
to  recognition. 

Three  years  later  Hall,  (Hall,  1838,  p.  139)  urged  by  Professor 
Dana  in  a  correspondence  which  we  have  had  an  opportunity  to  see, 
took  up  the  problem  of  the  different  appearances  of  the  Utica  trilo- 
bite  and  rejecting  Harlan’s  species  distinguished  Paradoxides 
becki  (Green)  and  Paradoxides  eatoni  Hall.  It  is 
obvious  from  Hall’s  descriptions  and  figures  that  he  had  correctly 
recognized  the  specific  differences  between  the  eastern  Trenton  and 
the  Utica  form.  He  withdrew,  however,  his  new  species  5  years 
later  (Hall,  1847,  p.  237),  uniting  both,  and  also  Emmons’  A  t  o  p  s 
trilineatus  under  “Calymene  Beckii.”  This  pro¬ 
ceeding  of  rejecting  his  own  species,  very  strange  in  Hall,  is  obviously 
due  to  the  Taconic  controversy  that  meanwhile  had  sprung  up,  and 
under  whose  influence  Hall  had  become  anxious  to  minimize  the 
faunistic  differences  between  the  shale  at  Utica  and  that  in  the 
lower  Mohawk  and  Hudson  valleys. 

Now  that  not  only  the  morphologic  differences  but  also  those  of 
stratigraphic  position  between  the  two  forms  are  apparent,  it  becomes 
necessary  to  give  them  recognition  by  separate  specific  names.  The 
name  “Triarthrus  becki”  must  then  become  restricted 
to  that  form  which  corresponds  with  Green’s  original  description 
and  figure,  and  Hall’s  name  “eatoni”  becomes  again  available 
for  the  Utica  species. 

Neither  Green’s  diagnosis  1  nor  his  remarks  on  the  species  fix  the 
differential  characters;  it  is  his  fairly  accurate  figure,  his  cast  and 
the  locality  (Cohoes  falls)  given  by  him,  that  assure  the  species  its 
standing.  Hall,  (1838,  p.  142),  when  discriminating  between  T. 
becki  and  T.  eatoni,  described  the  cranidium  as  “  bounded 
in  front  and  laterally,  by  a  nearly  uniform  curve  scarcely  exceeding 
a  semicircle  and  distinctly  convex ;  while  T.  eatoni  has  the 

1  Cauda  subrotunda,  bipunctata;  articulis  abdominis  tribus,  absque  lobis 
ateralibus  consuetis,  sed  lobo  arcuato  utrinque  apposito. 
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cranidium  convexly  curved  on  the  front  margin,  with  a  concave 
curvature  laterally,  and  being  nearly  flat.”  The  fixed  cheeks  are 
described  as  gradually  widening  posteriorly  in  the  former  species 
and  as  broadest  posteriorly  in  T.  e  a  t  o  n  i,  but  abruptly  dimin¬ 
ishing  in  breadth  opposite  the  center  of  the  glabella.  Finally  the 
glabella  is  described  in  T.  b  e  c  k  i  as  somewhat  broader  than 
long,  “and  in  T.  eatoni  as  somewhat  longer  than  broad.” 

All  of  these  differences,  although  later  attributed  by  Hall  to  states 
of  preservation,  have  been  found  by  the  writer  to  be  true  and  reliable. 

Hall  in  1838  cites  T.  b  e  c  k  i  as  occurring  “  abundantly  in  gray- 
wacke  slate  at  the  Cold  Spring  on  the  Erie  canal,  8  miles  east  of 
Little  Falls,”  adding:  “This  slate  lies  upon  the  lower  transition 
limestone,  of  that  part  of  the  State.”  This  locality  is  in  the  Cana- 
joharie  shale  (upper  or  Dolgeville  shale  division.) 

From  a  close  comparison  of  specimens  of  Triarthrus  becki 
with  T.  eatoni  it  can  be  claimed  that  while  in  the  former  the 
glabella  is  wider  than  long,  it  is  in  becki  from  one-sixth  to 
one-tenth  longer  than  wide.  The  appended  table  gives  a  number 
of  measurements  showing  this  difference. 


T.  eatoni  from  Holland  Patent 
l:w  (in  mm) 

9:8 

9.3:8 

9 . 5  : 8 . 7  (very  little  com¬ 
pressed) 

10:9  (several  specimens) 

10.5:9-5 

10.7:9.7 
11.5:10 
12 : 10 
12.5:11.5 


T.  becki 

1 :  w 

6.4:7  (Green’s  specimen) 

6 . 4 : 7 . 7  (Green’s  specimen) 

7 : 7  (several  specimens  from 
Stony  Point) 

7:7.5  Stony  Point 
7 . 7 : 7 . 7  (one  of  Green’s 
specimens) 

7.3:8  (Cohoes) 

8:8.5  (Cohoes,  Stony  Point) 
8.5:9 

8 . 5  : 9 . 5  (Stony  Point) 

9:9.5  (Stony  Point) 


The  frontal  lobe  of  the  glabella  is  distinctly  shorter  in  T.  becki 
than  in  T.  eatoni.  The  dorsal  furrow  is  not  parallel  as  in  T. 
eatoni  but  distinctly  diverging  forward,  and  the  outline  of  the 
glabella  as  a  result  less  subrectangular  but  more  rounded,  especially 
at  the  antero-lateral  angles  and  in  front. 

The  glabellar  furrows  are  disposed  slightly  more  horizontally, 
their  angle  with  the  horizontal  furrow  amounting  to  but  20  degrees  on 
an  average  direction,  while  that  of  T.  eatoni  is  near  30  degrees. 
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Another  difference  rests  in  the  fixed  cheeks  which  are  larger,  the 
contraction  not  taking  place  opposite  the  second  pair  of  glabellar 
furrows  as  in  the  e  a  t  o  n  i,  but  opposite  the  first  pair.  As  a 
corollary  the  palpebral  lobe  is  distinctly  shorter  and  the  eyes  were 
probably  smaller  and  even  placed  farther  forward. 

The  mucros  upon  the  axis  of  the  thorax  are  thicker  and  a  little 
longer,  being  slightly  overlapping. 

Corresponding  to  the  relatively  broader  glabella,  and  also  broader 
head,  the  body  was  also  relatively  broader  than  in  T.  e  a  t  o  n  i. 
We  have,  however,  not  enough  entire  specimens  of  T.  b  e  c  k  i  to 
make  a  safe  estimate  of  this  difference. 

The  surface  is  furnished  with  fine,  fairly  evenly  distributed 
tubercles,  too  fine  to  be  seen  with  the  naked  eye. 

Horizon  and  localities.  T.  b  e  c  k  i  appears  to  range  through 
the  middle  and  upper  Trenton  shales  in  eastern  New  York.  Its 
original  locality  is  the  Snake  Hill  shale  at  Cohoes,  N.  Y.,  but  it 
enters  the  Mohawk  valley  with  the  Canajoharie  shale,  thereby 
reaching  as  far  west  as  Cold  Spring  (Mindenville)  east  of  Little 
Falls;  it  likewise  occurs  in  the  Schenectady  beds  and  it  passes  with 
the  Canajoharie  and  other  Trenton  shales  through  the  Champlain 
valley,  whence  we  have  seen  typical  material  from  various  localities, 
among  them  dark  gray  calcareous  shale  on  Isle  La  Motte  (Cumber¬ 
land  Head  shale,  United  States  National  Museum  no.  34538)  and 
especially  the  shale  at  Rouses  Point.  In  the  whole  the  species  is 
common  only  in  the  upper  Trenton  members  of  the  shale  and  in 
the  shaly,  more  or  less  argillaceous  facies  of  the  Trenton,  exposed 
in  the  lower  Mohawk  and  Hudson  valleys  and  in  the  Champlain 
Basin. 

Material  collected  by  Doctor  Ulrich  in  the  basal  few  feet  of 
Martinsburg  shale  in  a  small  railroad  cut  7!  miles  south  of  Chambers- 
burg,  Pa. ,  proves  the  presence  of  this  species  also  in  the  lowest  division 
(Sinuites  bed)  of  the  Martinsburg  shale.  Bassler  (1919,  p.  342) 
cites  the  species  from  still  other  out-crops  of  the  Martinsburg  shale 
in  Pennsylvania  and  Maryland.  It  is  then  probable  that  this  species 
extends  through  the  whole  length  of  the  Trenton  shales  in  eastern 
New  York  and  the  extension  of  the  shale  belt  through  New  Jersey 
to  Pennsylvania  and  Maryland. 

Remarks.  T.  b  e  c  k  i  is  distinguished  from  the  variety 
maccasteyensis,  described  by  Twenhofel  (1914,  P-  34)  from 
the  Macasty  (Collingwood)  black  shale  of  Anticosti  island,  by  the 
broad  glabella  and  the  different  course  of  the  facial  suture  in  front, 
the  suture  diverging  from|the  axis  in  maccasteyensis. 
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In  the  size  of  the  fixed  cheeks  and  the  slight  forward  expansion 
of  the  glabella  the  Swedish  T.  b  e  c  k  i  var.  h  u  m  i  1  i  s  Hadding, 
(Hadding,  1913,  p.  69)  is  identical  with  our  form,  although  differing 
in  the  greater  relative  length  of  the  glabella.  The  Swedish  form, 
which  occurs  in  the  lower  Dicellograptus  shale  and  below  the  zone 
of  Nemagraptus  gracilis,  in  the  zone  with  “  Climacograptus  putillus  ” 
is  older  than  ours.  In  Great  Britain  Cowper  Reed  (1903,  p.  28)  has 
described  an  unnamed  variety  of  Triarthrus  becki  which 
shows  similar  characters.  It  is  therefore  legitimate  to  conclude  that 
T.  becki  shows  closer  relationship  to  the  North  Atlantic  forms  as 
they  appear  in  Europe,  than  to  the  more  southern  form,  exemplified 
by  the  T.  eatoni. 

Triarthrus  eatoni  (Hall)  Ruedemann  emend. 

Plate  21,  figures  7-9 

Original  description  (Hall,  1838,  p.  142). 

“  Paradoxides  Eatoni.” 

Buckler  convexly  curved  on  the  front  margin,  with  a  concave 
curvature  laterally;  nearly  flat;  lateral  lobes  broader  posteriorly, 
greatest  width  about  one  half  the  breadth  of  the  middle  lobe; 
abruptly  diminishing  in  breadth  and  much  less  than  half  their  greatest 
breadth  opposite  the  centre  of  the  middle  lobe;  middle  lobe  some¬ 
what  longer  than  broad,  nearly  flat;  sulci  distinct,  with  the  inter¬ 
mediate  portions  scarcely  convex. 

This  species  is  abundant  in  the  graywacke  slate  in  Turin,  Utica, 
Fort  Plain  and  elsewhere  in  the  State  of  New  York. 

It  has  again,  as  Calymene  beckii  been  fully  described 
and  figured  by  Hall  in  Palaeontology  of  New  York,  volume  1,  p.  237, 
plates  64  and  66. 

We  have  already,  under  the  heading  T.  becki,  very  fully 
pointed  out  the  differences  between  this,  the  Utica  species  and 
T.  becki,  the  characteristic  Triarthrus  of  the  Trenton  shales  of 
eastern  New  York.  Suffice  it  to  state  that  it  is  principally  charac¬ 
terized  by  the  more  elongate  shape  of  the  glabella,  the  more  oblique 
direction  of  the  glabellar  furrows,  the  subparallel  direction  of  the 
dorsal  furrows,  and  the  more  squarish  frontal  outline  of  the  glabella, 
and  by  the  more  abrupt  and  more  posteriorly  situated  contraction 
of  the  fixed  cheeks.  As  a  result  of  this  direction  of  the  suture  the 
eyes  in  T.  becki  are  placed  farther  forward  and  more  outward 
than  in  T.  eatoni1. 

1  Doctor  Foerste  has  meanwhile  (1924,  p.  239-40),  using  the  author’s  manu¬ 
script,  given  short  and  precise  definitions  of  the  two  species  in  question. 
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T.  e  a  t  o  n  i  is  the  common  Triarthrus  of  the  Utica  shale  and  it 
has  become  famous,  also  from  material  found  in  this  State  near 
Rome,  by  the  preservation  of  the  appendages  which  were  elaborately 
described  by  Beecher  (American  Journal  of  Science  1894,  1896, 
American  Geologist  1894,  1895)  and  Walcott  (1918). 

The  species  appears  first  as  a  rare  fossil  in  the  Trenton  limestone 
at  Middleville,  etc.,  but  does  not  attain  its  largest  size  and  maximum 
development  until  the  Utica  age,  where  it  grows  to  a  length  of  25 
to  40  mm  or  more  and  is  the  dominant  fossil.  Specimens  of  this 
very  large  size  were  found  about  Oxtungo  creek  and  also  in  the 
thinned  northern  edge  of  the  Utica  along  Mill  creek  near  Turin,  N.  Y. 
In  the  Atwater  Creek  shale,  for  instance  at  the  mouth  of  the  Lorraine 
Gulf  it  is  still  represented  by  relatively  large  specimens. 

While  Hall  had  recognized  that  the  species  entered  from  the  Utica 
into  the  “  Hudson  River  shale,”  Emmons  used  it  as  his  guide  fossil 
in  drawing  the  boundary  line -between  the  Utica  and  Lorraine, 
which  led  him  to  a  wrong  correlation  since  Triarthrus  eatoni 
far  outlived  the  Utica  fauna.  We  have  found  it  to  range  throughout 
the  first  zone  (Economy)  of  the  Whetstone  Gulf  formation;  and  in 
the  Lorraine  and  other  sections  in  northern  New  York  it  also  passes 
through  the  lower  half  of  zone  II  (Southgate  division),  but  probably 
it  reached  the  end  of  that  division  (see  Mill  creek  section). 

The  remarkable  feature  of  the  Whetstone  gulf  or  Eden  specimens 1 
is  their  very  small  size,  though  they  are  present  in  considerable 
number.  The  average  length  of  the  cranidia  is  but  3  mm  while 
that  of  the  fully  grown  Utica  forms  is  13  mm.  It  is  true  there 
were  also  found  a  few  medium-sized  cranidia  (one  8  mm  long), 
indicating  that  T  r.  b  e  c  k  i  was  still  able  to  attain  a  subnormal 
size,  but  the  great  majority  of  specimens  found  are  so  small  as  to 
indicate  a  serious  reduction  in  the  individual  size.  We  therefore 
considered  it  possible  that  these  small  individuals  would  represent 
a  gerontic  mutation,  but  careful  comparison  with  Utica  specimens 
of  equal  size  did  not  furnish  any  evidence  that  they  attained  mature 
characters  earlier  or  while  still  of  smaller  size  than  the  Utica  speci¬ 
mens.  Moreover,  while  the  great  majority  of  the  Lorraine  speci¬ 
mens  are  small,  a  lower  Lorraine  bed  in  Totman  gulf  near  Lorraine, 
180  feet  above  the  base  (United  States  National  Museum  no.  23598) 
has  afforded  a  specimen  of  the  gigantic  size  of  45  mm,  in  no  wise 
differing  from  the  Utica  representatives  in  its  characters. 

The  ‘‘Triarthrus  becki”  of  the  Canadian  Gloucester 
shale  is  a  true  eatoni  while  that  of  the  Collingwood  shale  (at 


1  See  T.  huguiensis  Foerste,  p.  123. 
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Collingwood)  represents  a  mutation  that  still  shows  some  approach 
to  the  earlier  b  e  c  k  i  in  the  subequal  length  and  width  of  the  glabella 
and  the  course  of  the  facial  suture. 

Triarthrus  spinosus  Billings 

Plate  21,  figures  13-16 

We  have  before  us  four  specimens  of  Triarthrus  spinosus 
from  the  upper  Utica  shale  at  Holland  Patent,  N.  Y.  Billings’  types 
came  from  the  Utica  shale  in  the  townships  of  Gloucester,  County 
of  Carleton,  Ontario.  He  describes  the  species  as  follows  (1857, 
P-  34o) : 

This  interesting  little  trilobite  is  principally  distinguished  from 
T.  b  e  c  k  i  i  by  its  spines.  One  of  these  springs  from  the  center 
of  the  neck-segment  and  extends  backwards  to  the  third  or  fourth 
segment  of  the  body;  a  second  proceeds  from  the  center  of  the  eighth 
segment  of  the  axis  of  the  thorax,  and  projects  back  beyond  the 
apex  of  the  pygidium.  Two  others  from  the  posterior  angles  of 
the  head  extend  as  far  as  the  points  of  the  seventh  or  eighth  pair  of 
pleurae. 

The  spines  are  all  slender,  apparently  cylindrical,  and  about 
one-fifth  of  a  line  in  diameter. 

The  species  is  destitute  of  the  short  spines  of  T.  b  e  c  k  i  i ;  and 
in  none  of  the  specimens  have  I  been  able  to  detect  more  than 
thirteen  segments  in  the  thorax,  and  four  or  five  in  the  pygidium, 
which  is  remarkably  like  that  of  a  small  specimen  of  Calymmene 
blumenbachii.  In  a  well  preserved  specimen  of  T.  b  e  c  k  i  i, 
in  the  museum,  there  are  distinctly  fifteen  segments  in  the  thorax 
and  five  in  the  axis  of  the  pygidium  so  that  if  these  two  species  be 
congeneric,  the  number  of  articulations  in  the  genus  must  be  of 
variable  character. 

None  of  our.  specimens  is  complete,  but  three  retain  the  head  and 
the  thorax  as  far  as  the  dorsal  spine,  and  one  a  detached  pygidium. 
From  these  the  following  notes  have  been  taken. 

The  glabella  is  squarish  in  outline  like  that  of  T.  b  e  c  k  i,  but 
the  glabellar  furrows  are  not  so  distinctly  flexed  in  the  middle,  but 
rather  straight  and  uniformly  bent  obliquely  backward.  The  eyes 
are  farther  forward  and  nearer  to  the  glabella  than  in  T.  b  e  c  k  i, 
the  anterior  portion  of  the  suture-line  is  therefore  nearer  to  the 
glabella  and  sub-parallel  to  it,  the  posterior  portion  swings  out  more 
boldly  and  convex  toward  the  postero-lateral  angle  and  the  area  of 
the  fixed  cheeks  is  relatively  larger.  The  nuchal  spine  in  our  speci¬ 
mens  reaches  as  far  as  the  sixth  or  eighth  thoracic  segment.  It 
bears  a  small  mucro  on  its  base.  The  free  cheeks  which  are  as  in 
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the  congener,  bear  the  remarkable  lateral  spines,  which  do  not  pro¬ 
ceed  from  the  genal  angles  but  from  a  point  about  one-third  the  length 
of  the  head  forward  of  the  angle.  They  are  curved  outward  at  the 
base  and  slightly  inward  more  posteriorly.  The  thoracic  spine 
attached  to  the  eighth  segment  is  wonderfully  slender  and  straight 
(see  plate  21,  figure  16)  and  reached  a  length  greater  than  that  of 
the  animal.  All  the  spines  were  cylindric  and  hollow.  Some  of 
the  pleurae  may  also  have  been  prolonged  into  downward  and  back¬ 
ward  curving  flat  spines.  This  is  at  least  suggested  by  two  such 
spines  apparently  attached  to  a  fragment  of  a  pleura  and  lying 
partly  below  the  specimen  reproduced  in  figure  14. 

A  large  series  of  specimens  in  the  United  States  National  Museum, 
however,  from  the  neighborhood  of  Ottawa  contains  individuals 
with  more  than  three  thoracic  spines.  One,  partly  enrolled  and  seen 
in  lateral  view,  exhibits  one  straight,  needlelike  spine  on  the  eighth 
segment,  one  3  times  longer  and  heavier,  on  the  next  and  a  third 
one  that  again  is  shorter  on  the  tenth  thoracic  segment.  Also  the 
following  three  segments  show  traces  of  basal  portions  of  spines, 
especially  the  last  one,  so  that  it  seems  that  all  axial  lobes  of  the 
thoracic  segments  from  the  eighth  backward  bore  median  spines. 
This  inference  is  supported  by  another  individual  in  which  the 
eleventh  segment  bears  a  distinct  spine  reaching  beyond  the  pygidium 
and  also  the  twelfth  retains  a  fragment  of  one,  preserved  mostly  as 
an  impression.  In  another  specimen  the  spine  on  the  eighth  and 
a  much  larger  one  on  the  ninth  segment  are  seen;  and  several  indi¬ 
viduals  show  three  or  more  spines  upon  the  posterior  portion  of  the 
thorax.  It  therefore  is  reasonably  certain  that  T.  spinosus 
has  spines  on  most  or  all  of  the  thoracic  segments  posteriorly  of  the 
seventh  segment.  There  have,  however,  no  traces  of  spinose  pro¬ 
longations  of  the  pleurae  been  seen. 

There  is,  moreover,  in  the  United  States  National  Museum,  one 
specimen  from  Gloucester  in  Ontario,  which  finely  preserves  a  cast 
of  the  exterior  of  the  thorax  and  this  is  seen  to  be  densely  covered 
with  fine  lines,  which  under  the  lens  appear  as  impressions  of  bristles, 
or  very  delicate  spines,  but  were  directed  backward  and  slightly 
diverged  outward  along  the  middle  line  of  the  thorax. 

The  entire  test  is  covered  with  minute  tubercles,  which  are 
especially  distinct  or  a  little  coarser  on  the  middle  lobe  of  the  thorax 
where  they  are  arranged  in  indistinct  longitudinal  lines.  They  are 
also  seen  on  the  spines. 

T.  spinosus  is  intensely  interesting  in  at  least  two  regards, 
namely,  as  an  index  fossil  and  as  exhibiting  distinct  reversion. 
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It  appears  from  Doctor  Raymond’s  latest  publication  (1916,  p* 
255)  that  T.  spinosus  is  one  of  the  index  fossils  of  the  develop¬ 
ment  of  the  Utica  as  seen  in  Ontario,  to  which  he  has  given  the  name 
of  Gloucester  formation.  The  bearing  of  the  occurrence  of  T. 
spinosus  at  Holland  Patent  on  the  correlation  of  the  Gloucester 
black  shale  with  the  New  York  Utica  has  been  discussed  in  part  I. 

Of  more  general  interest  are  the  characters  ofT.  spinosus 
indicating  reversion.  These  are  the  placing  of  the  lateral  spines 
forward  on  the  free  cheeks  instead  at  the  genal  angles  and  the  long 
spines  at  the  base  of  the  head  and  the  middle  of  the  thorax.  The 
lateral  cheek  and  the  median  thoracic  spines  are  characters  found  in 
Cambrian  ancestors  of  the  Ordovician  trilobites,  but  not  among 
the  latter.  The  median  spine  of  the  occipital  ring  is  likewise  a 
character  very  common  among  the  Cambrian  trilobites  but  very 
rare  among  the  Ordovician  forms,  where  it  is  best  seen  among  such 
archaic  types  as  Trinucleus,  Ampyx,  Telephus,  etc.  The  reappear¬ 
ance  of  these  archaic  characters  just  before  the  disappearance  of  the 
genus  furnishes  interesting  evidence  of  the  revival  of  latent  characters, 
under  the  stress  of  apparently  unfavorable  exterior  conditions.  It 
is  thus  a  case  of  ancestral  repetition  appearing,  however,  not  only 
temporarily,  in  the  earlier  ontogenetic  states  but  continuing  into  the 
mature  stages  and  thus  assuming  the  forms  of  a  true  reversion  to 
ancestral  characters.  This  and  similar  cases  of  reversion  in  the 
trilobites  have  been  discussed  by  the  writer  in  New  York  State 
Museum  Bulletin  227-28,  1919,  p.  70-78  in  an  article  On  Some 
Cases  of  Reversion  in  Trilobites. 

Triarthrus  huguiensis  Foerste 
Plate  20,  figures  5  and  6 

Foerste  (1924,  p.  241)  has  distinguished  a  small  late  mutation  of 
Triarthrus  eatoni  that  he  found  in  the  Cryptolithus  zone 
of  the  Lorraine  of  Quebec  as  huguiensis.  His  diagnosis  of 
the  forms  is  as  follows : 

Cranidia  usually  not  exceeding  5  or  6  mm  in  length.  Nuchal 
and  glabellar  grooves  as  in  Triarthus  eatoni,  but  more 
sharply  incised,  at  least  on  casts  of  the  lower  surface.  Cranidia 
more  convex.  The  chief  differences  are  presented  by  the  facial 
sutures.  Palpebral  lobes  more  strongly  defined  and  extending  back¬ 
ward  to  a  point  half-way  between  the  posterior  pair  of  glabellar 
grooves  and  the  nuchal  groove ;  they  diverge  less  posteriorly  from  the 
dorsal  groove  of  the  cranidium.  Posterior  to  the  palpebral  lobes 
the  fixed  cheeks  appear  narrower,  equalling  less  than  half  the  width 
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of  the  glabella  instead  of  exceeding  half  the  width  as  in  typical 
T.  e  a  t  o  n  i.  There  is  a  minute  granule  along  the  median  line  of 
the  nuchal  segment. 

We  have  observed  the  same  small  form  of  Triarthrus  in  the  lower 
part  of  the  Whetstone  Gulf  formation  of  New  York,  where  at  some 
horizons,  as  at  station  2  of  the  Mill  creek  section  (see  part  1,  Bul¬ 
letin  258,  p.  99)  it  is  so  common  that  its  (fragmentary)  remains 
entirely  cover  the  surfaces  of  some  strata.  Considering  the  dif¬ 
ferences  as  of  but  mutational  value,  we  have  not  separated  it  in 
part  1  from  T.  e  a  t  o  n  i.  It  was  this  small  form  of  Triarthrus 
which  Emmons  observed  in  the  lower  shales  of  the  Lorraine  forma¬ 
tion  and  which  led  him  to  unite  these  shales  with  the  Utica. 

Family  Asaphidae  Burmeister 
Genus  Ogygites  Tromelin  and  Lebesconte 

Ogygites  latimarginata  Hall  and 
Ogygites  canadensis  (Chapman) 

Hall  (1847,  P-  253)  described  and  figured  as  Asaphus(?) 
latimarginata  two  pygidia  among  the  fossils  of  the  “  Utica 
and  Hudson  River  groups.”  The  specimens  were  received  from 
Doctor  T.  B.  Crawe  and  Doctor  Hall  states  as  to  the  locality: 

This  species  has  been  seen  only  in  a  single  fragment  of  slate,  from 
near  Watertown.  I  should  not  have  ventured  to  figure  it  in  this 
place,  since  there  is  some  little  doubt  as  to  its  precise  locality;  but 
that  the  fragment  contains  one  or  two  other  peculiar  fossils,  known 
only  in  the  slate  of  this  period. 

The  specimens  were  later  sold  with  Hall’s  collection  to  the  Ameri 
can  Museum  of  Natural  History.  Whitfield  and  Hovey  (1898,  p' 
66)  question  their  coming  from  Watertown,  adding:  “  Locality, 
more  probably  Collingwood,  Canada,”  and  Bassler  (1915,  p.  77) 
makes  the  observation :  ‘ ‘  Possibly  the  same  as  Ogygites 

canadensis  (Chapman) . ’ ’ 

Through  the  kindness  of  Doctor  Hovey  the  specimens  have  been 
loaned  to  us  for  examination.  Comparison  with  Collingwood 
material  leaves  no  doubt  that  the  pygidia  indeed  belong  to 
Ogygites  canadensis.  It  would  then  seem  that  the 
suggestion  of  Whitfield  and  Hovey  might  be  true,  if  it  were  not 
for  the  fact  that  there  is  no  reason  why  the  Collingwood  shale  should 
not  reach  the  neighborhood  of  Watertown,  and  this  trilobite  occur 
there. 
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The  shale  in  which  the  two  specimens  are  preserved  is  a  fissile 
black,  brown- weathering  shale,  such  as  occurs  at  Watertown  in 
intercalation  with  the  uppermost  Trenton  limestone.  Moreover, 
the  two  little  slabs  contain  besides  Bythocypris  c  y  1  - 
i  n  d  r  i  c  a  (Hall)  and  Primitiella  cf.  ulrich  i,  (James) 
numerous  specimens  of  Ctenodonta  pulchella  (Hall) ; 
the  specimens  exhibiting  beautifully  the  hinge-teeth.  This  species 
has,  however,  been  described  by  Hall  from  “  the  black  slate  near 
Watertown  ”  and  it  is  also  cited  by  Ami  (1892,  p.  24  ff.),  together 
with  Primitiella  ulrich  i,  as  a  constant  associate  of 
Ogygites  canadensis.  We  have  not  found  it  anywhere 
in  the  black  shales  of  the  true  Utica,  Deer  River  or  Atwater  Creek 
or  lower  Whetstone  Gulf  shales;  it  is  therefore  peculiar  to  the  Col- 
lingwood  shale  in  Canada,  and  also  to  the  transitional  shale  at  the 
top  of  the  Trenton  limestone  at  Water- 
town.  Bassler,  therefore,  obviously  on 
information  from  Doctor  Ulrich,  cites 
this  Ctenodonta  pulchella  as 
a  Trenton  species. 

The  inference  from  these  facts,  how¬ 
ever,  is  that  the  Ogygites  quite  probably 
occurs  at  Watertown  at  the  top  of  the 
Trenton,  where  in  association  with 
Ctenodonta  pulchella  it  marks 
the  horizon  of  the  Collingwood  shale. 

If  Hall’s  types  of  Asaphus  latimarginata  actually 
came  from  Watertown,  his  species  though  based  only  on  pygidia, 
is  valid  and  will  take  precedence  over  Asaphus  canadensis 
proposed  9  years  later  by  Chapman.  Chapman’s  species  was 
originally  also  based  on  a  pygidium  only  (1856,  p.  482)  and  as  sole 
character  distinguishing  it  from  Asaphus  platy  cephalus 
(Isotelus  gigas)  he  cited  the  grooved  axis  and  distinct 
pleurae  of  the  pygidium,  which  identical  characters  are  very  well 
shown  in  Hall’s  drawing  and  emphasized  in  his  description.  Further¬ 
more,  Hall  claimed  that  Chapman’s  species  is  identical  with  his 
A.  latimarginata  (see  Chapman,  1858,  vol.  2,  p.  47, 
1858;  vol.  3,  p.  230)  and  Chapman  (1858,  p.  230)  asserted,  in  return. 
“  I  should  state,  with  regard  to  the  figures  of  Professor  Hall,  alluded 
to  above,  that  it  is  impossible  to  determine  whether  our  species  be 
identical  or  not  with  these.” 

It  is  true  that  the  drawing  of  the  smaller  specimen,  which  is  the 
type  of  O.  1  a  t  i  m  a  r  g  i  n  a  t  u  s,  is  less  perfect  than  the  speci- 


Figure  26  Ogygites  1  a  t  i  - 
marginatus  (Hall). 
Gelatine  tracing  of  Hall’s 
type.  Natural  size. 
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men,  at  the  antero-lateral  angle,  which  is  fully  preserved,  but  it  is 
nevertheless  fully  sufficient  to  show  the  characters  of  the  pygidium 
of  the  form  in  question;  and  in  the  face  of  this  fact,  Hall’s  positive 
claim  of  the  priority  of  his  species  and  the  further  fact,  that  Hall’s 
type  is  still  accessible,  there  is  no  valid  ground  to  retain  the  name 
“canadensis”  for  this  species. 

Genus  Komotelus  Raymond 

Homotelus  stegops  (Green) 

Plate  20,  figure  4;  plate  22,  figures  1-9 

Homotelus  stegops  was  described  as  Isotelus 
stegops  in  1832  by  Green  in  his  Monograph  of  North  American 
trilobites  (p.  71)  from  specimens  coming  from  the  “clay  slate” 
at  Newport,  Ky.  It  is  currently  considered  a  synonym  of  I.  g  i  g  a  s, 
but  according  to  information  from  Doctor  Ulrich,  who  has  for  some 
time  been  engaged  on  a  revision  of  the  Asaphidae,  H.  stegops 
is  a  valid  species  of  the  Eden  and  its  presence  was  pointed  out  by 
him  in  our  lower  Lorraine  collections  from  Wood  creek,  etc. 

The  original  description  of  the  species  is: 

Clypeo  antice,  caudaque  postice  attenuatis,  cuta  coreacea  punctis 
minimis. 

The  head  of  this  species  is  nearly  in  the  form  of  a  spherical  triangle; 
its  anterior  edge  is  vertically  flattened  all  round,  but  does  not  pro¬ 
duce  a  narrow  raised  rim,  such  as  is  described  by  Doctor  Dekay, 
to  belong  to  the  I.  g  i  g  a  s.  The  eyes  are  prominent,  and  rather 
nearer  the  lateral  edge  of  the  buckler,  than  to  its  posterior  border. 
The  shell  of  the  buckler  forms  a  remarkable  projection  over  the 
top  of  each  oculiferous  tubercle,  something  like  an  eyelid.  Con¬ 
tinuous  with  the  edge  of  this  cuticular  projection,  there  is  a  curved 
linear  depression,  which  terminates  on  both  sides,  at  the  edge  of 
the  buckler.  This  kind  of  suture,  though  remarkably  developed 
in  this  species,  is  not  peculiar  to  it,  being  more  or  less  distinct  in 
most  of  the  Isoteli.  The  articulations  of  the  abdomen  are  lost; 
there  can  be  little  doubt,  however,  that  they  were  eight  in  number. 
The  tail  is  subtriangular,  and  less  in  magnitude  than  the  buckler. 

This  description  was  accompanied  by  no  figures  but  two  casts 
(nos.  26,  27). 

The  original  description  would  hardly  suffice  to  diagnose  this 
species,  but  the  casts  which  are  found  in  several  museums  (as  in 
the  National  Museum)  and  the  locality  given  will  afford  a  sufficient 
basis  for  the  determination  of  its  characters.  This  latter  task  will 
best  be  left  to  the  acknowledged  leader  in  the  Ordovician  paleontology 
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of  North  America,  and  we  will  restrict  ourselves  here  to  giving 
figures,  ranges  and  some  notes  of  New  York  occurrences. 

Homotelus  stegops,  according  to  Bassler  (1919,  p.  343) 
resembles  most  closely  Isotelus  maximus  Locke,  but  “  has 
the  eye  farther  forward,  smaller  spines,  and  the  flattened  border 
especially  of  the  pygidium,  less  distinct.” 

The  species  is  referred  to  Homotelus  Raymond  by  Foerste  (1924, 
p.  243)  because  it  lacks  the  strongly  defined  marginal  depression  of 
the  pygidium  in  common  with  that  new  genus.  It  would  seem  from 
our  material  (see  plate  22,  figures  4  and  5)  that  the  very  young 
individuals  still  possessed  the  flattened  border. 

A  carapace  of  an  early  growth  stage,  with  a  large  median  eye 
tubercle  is  seen  in  figure  1.  Corresponding  pygidia  are  reproduced 
in  figures  4  and  8.  These  retain  the  ribs  in  the  frontal  portion  of 
the  pygidium  and  the  annulations  of  the  axial  lobe.  They  are  in 
general  outline  and  sculpture,  as  well  as  the  retention  of  the  flat  rim, 
undistinguishable  from  that  of  Proetus  spurlocki  Meek, 
an  Eden  species  of  the  neighborhood  of  Cincinnati.  Raymond, 
who  has  refigured  the  minute  type  of  the  species  (1914,  plate  1, 
figure  3)  has  pointed  out  that  it  undoubtedly  is  an  early  growth 
stage  of  Isotelus,  probably  of  I.  maximus  Locke,  and  Bassler 
(1915,  p.  1039)  agrees  with  him.  Our  corresponding  growth-stages 
of  I.  stegops,  which  on  one  hand  lead  to  the  smooth  adoles¬ 
cent  and  mature  pygidia  of  that  species,  connect  these  on  the  other 
hand  with  the  fully  ribbed  and  annulated  growth  stage  represented 
by  figure  5  and  corresponding  to  Raymond’s  Basilicus  stage  of 
Isotelus.  The  original  of  this  figure  was  referred  by  Clarke  (1897, 
p.  712)  with  doubt  to  his  Gerasaphes  ulrichana,  an 
upper  Trenton  species  of  Kentucky, 

It  is  probable  that  the  specimens  figured  do  not  represent  the  full 
size  attained  by  this  species ;  in  fact  we  have  fragments  of  an  Isotelus 
from  the  lower  Lorraine  beds  before  us  which  indicate  a  size  com¬ 
parable  to  that  of  medium  sized  specimens  of  I.  g  i  g  a  s  .  Among 
these  is  a  part  of  a  free  cheek  with  a  base  of  a  well-developed  spine 
and  an  eye,  which  is  5  mm  long  and  3  mm  high  and  contains  about 
5000  lenses. 

H  omotelus  stegops  ranges  throughout  the  Whetstone 
Gulf  formation.  There  is  also  an  Isotelus  in  the  Pulaski  formation. 
Our  material  of  this  is,  however,  thus  far  too  fragmentary  to  deter¬ 
mine  its  identity.  Of  the  large  size  reached  by  this  species,  a 
hypostoma  34.5  mm  wide  gives  evidence. 

Homotelus  ulrichi  Raymond  (1920,  p.  287),  described 
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from  the  Eden  of  Cincinnati  is,  judging  from  the  description,  quite 
surely  a  synonym  of  this  species. 

Isotelus  pulaskiensis  Ulrich  MS. 

Plate  20,  figure  3 

There  occur  fragments  of  a  large  Isotelus  in  the  Pulaski  beds. 
None  has  been  obtained  by  the  writer  sufficiently  complete  to 
permit  the  description  of  the  species.  Doctor  Foerste  (1924,  p.  242) 
has  collected  similar  material  in  the  Lorraine  of  Quebec  and  referred 
it  to  Isotelus  gigas  DeKay,  but  also  stating  that  the  form 
is  too  rare  and  the  material  insufficient  to  identify  the  species  with 
accuracy.  Doctor  Ulrich  has,  from  specimens  in  the  United  States 
National  Museum,  recognized  the  specific  independence  of  the 
Pulaski  form  and  has  described  it  as  Isotelus  pulaskien¬ 
sis  in  manuscript.  It  is  characterized  by  narrow  genal  spines  and 
smooth  pygidium  with  broad  marginal  depression. 

We  figure  here  a  hypostoma  from  the  Lorraine  drift  as  probably 
belonging  to  this  species. 

Family  Proetidae  Corda 
Genus  Proetus  Steininger 

Proetus  beecheri  nov. 

Plate  22,  figures  12-14 

Description.  Animal  small  (largest  specimen  observed  11  mm 
long  and  9  mm  wide),  of  contracted  ovate  outline.  Head  broadly 
sublunate,  8  mm  wide  at  the  base  and  4  mm  long.  Genal  angles 
produced  into  sharp  genal  spines  that  extend  to  the  fifth  segment  of 
the  thorax.  Marginal  border  broad,  slightly  convex,  marginal 
doublure  striated  on  underside.  Glabella  large,  prominent,  sub- 
trapezoidal  in  outline,  rounded  in  front ;  2.7  mm  long  and  3  mm  wide 
at  the  nuchal  groove  and  2.2  mm  wide  in  front.  Basal  lobes  more 
prominent  than  body  of  glabella,  but  set  off  by  faint  grooves  only. 
Anterior  margin  distinct,  separated  from  the  marginal  border  of 
the  cephalon  by  a  narrow  space  equalling  the  width  of  the  border. 
Surface  of  the  head  practically  smooth  in  most  specimens,  but  in 
some  furnished  with  distinct  anastomosing  lines.  Eyes  prominent, 
close  to  the  glabella,  relatively  large  (1.5  mm  long),  with  lunate, 
finely  facetted  visual  surface.  Facial  suture  •  starting  directly  in 
front  of  the  palpebral  lobe,  passing  diagonally  backward  in  a  fairly 
straight  line  to  the  anterior  extremity  of  the  palpebral  lobe,  follow- 
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ing  this  inside  of  the  visual  surface  and  posteriorly  bending  outside 
again  at  an  angle  of  about  45  degrees  with  a  directly  transverse  line, 
cutting  the  posterior  margin  of  the  cephalon  halfway  between  the 
dorsal  furrow  and  the  marginal  border  of  the  cephalon.  A  distinct 
mucro  is  seen  on  the  center  of  the  occipital  ring. 

The  thorax  consists  of  ten  segments,  is  5.5  mm  long  and  8.5  mm 
wide,  narrowing  to  a  posterior  width  of  6  mm.  Axial  lobe  very 
prominent  in  front,  one-third  as  wide  as  the  thorax  (3.4  mm  in  front 
in  the  specimen  measured  and  1.8  mm  at  the  posterior  end).  Dorsal 
furrows  deep.  Pleurae  with  distinct  median  grooves  extending  to 
the  beginning  of  the  finely  striated  recurving  pleural  extremities. 
Surface  also  furnished  with  fine  concentric  lines,  except  the  pleural 
extremities  which  bear  distinct  longitudinal  lines. 

Pygidium  small,  about  3  mm  long  with  prominent  axial  lobe,  that 
terminates  slightly  in  front  of  the  broad  flattened,  striated  marginal 
border.  The  axial  lobe  bears  seven  furrows  corresponding  to  eight 
annulations,  only  the  two  first  of  which  are  prominent.  On  each 
lateral  lobe  of  the  pygidium  only  five  pleural  segments  can  be 
discerned,  the  first  of  which  is  partly  covered  by  the  thorax  but 
strongly  marked  posteriorly.  The  anastomosing  sculpture  lines  are 
also  observable  on  the  axial  lobe  as  fine  transverse  lines. 

Horizon  and  locality.  Frankfort  shale  at  Six  Mile  creek  near 
Rome  and  Holland  Patent,  Oneida  county,  N.  Y. 

Remarks.  The  material  here  described  consists  of  ten  specimens 
secured  for  the  late  Professor  Charles  E.  Beecher  by  D.  D.  Luther, 
when  collecting  the  famous  specimens  of  Triarthrus 
“becki”  and  Cryptolithus  with  appendages.  It  was  kindly 
loaned  to  the  writer  by  Professor  Charles  Schuchert. 

Beecher,  in  his  paper  on  the  larval  stages  of  trilobites  figured 
(Beecher,  1895,  plate  9,  figure  5)  several  stages  of  this  Proetus, 
referring  them  to  Proetus  parviusculus  Hall  and  giving 
also  a  figure  of  a  mature  individual,  which  is  an  accurate  composition 
from  several  specimens. 

Proetus  beecheri  is  distinguished  from  P.  par¬ 
viusculus,  which  is  a  later  Corryville  (Maysville)  form,  by  its 
more  sub quandr angular,  anteriorly  less  rounded  glabella,  narrower, 
convex,  marginal  border  of  the  cephalon,  the  presence  of  the  sculp¬ 
ture  lines,  and  the  distinct  basal  glabellar  lobes. 

A  closely  allied  species  isP.  chambliensis  Foerste  (see 
Foerste,  1914,  p.  320),  which  is  common  in  the  upper  Lorraine  beds 
of  Quebec  and  eastern  Ontario,  but  apparently  absent  in  our  Lorraine. 
This  form  agrees  with  our  species  in  the  outline  of  the  head,  glabella 
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and.  pygidium  and  most  details  of  structure.  It  is,  however,  larger, 
with  smooth  surface  and  lacks  the  mucro  on  the  occipital  ring. 

The  three  pairs  of  glabellar  grooves  described  by  Foerste  in  his 
species,  have  not  been  observed  inP.  beecheri.  They  are, 
however,  probably  present,  but  have  become  indistinct  through 
the  crushing  of  the  glabellas. 

Proetus  undulostriatus  (Hall) ,  a  species  of  the 
Snake  Hill  shale  of  New  York  and  of  Trenton  age  (see  Ruedemann, 
1912,  p.  1 1 7)  is  likewise  closely  related  to  P.  beecheri.  It 
exhibits  the  identical  sculpture  lines  and  is  very  similar  in  the  outline 
of  the  head.  It  is,  however,  somewhat  larger,  its  glabella  is  more 
contracted  anteriorly,  and  it  lacks  the  mucro  on  the  occipital  ring. 

The  National  Museum  contains  a  specimen  (no.  34490),  probably 
referable  here  from  the  Frankfort  shale  at  Holland  Patent,  N.  Y., 
and  also  a  small  cranidium  from  the  Econony  member  of  the  Eden 
shale  at  Covington,  Ky.,  that  while  well  agreeing  with  P.  par- 
v  i  u  s  c  u  1  u  s  1  still  exhibits  the  fine  sculpture  lines  of  P.  undu¬ 
lostriatus  and  P.  beecheri. 

Family  Odontopleuridae,  Burmeister 
Genus  Odontopleura  Emmrich 

Odontopleura  crosota  (Locke) 

Plate  22,  figure  11 

Odontopleura  crosota,  as  emended  by  Meek  (1873, 
p.  165)  is  recognizable  in  our  lower  Lorraine  fauna  in  a  minute 
pygidium,  and  the  carapaces  found  at  various  horizons  belong  also 
more  probably  here  than  to  O.  ceralepta. 

The  head,  reproduced  in  figure  1 1  is  representative  of  those  found 
in  the  Whetstone  Gulf  formation.  A  comparison  with  heads  of  0. 
p  a  r  v  u  1  a  and  O.  crosota,  from  specimens  in  the  State 
Museum,  shows  their  extreme  similarity  and  fails  to  furnish  dis¬ 
tinguishing  characters,  unless  it  is  that  the  head  ofO.  crosota 
is  relatively  longer  and  heads  from  the  Lower  Lorraine  share  this 
character. 

The  pygidia  are  more  distinctly  different;  those  ofO.  crosota 
having  four  long  acute  spines,  the  continuations  of  the  ribs  on  either 

1  Professor  Foerste  has  since  published  a  note  on  P.  parviusculus 
(Foerste,  1919,  p.  387),  in  which  it  is  stated  that  in  the  Cincinnati  region,  speci¬ 
mens  of  Proetus  having  the  indistinct  basal  glabellar  lobes  of  P.  parvius¬ 
culus  occur  as  far  down  as  the  Trenton  (Benson  and  Cynthiana  members) ; 
and  that  the  Ordovician  strata  of  corresponding  time  of  the  New  York  basin 
carry  forms  with  distinct  basal  glabellar  lobes. 
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side,  while  O.  ceralepta  has  but  one.  These  ribs  are  distinctly 
curved  backward.  A  minute  pygidium,  from  station  6  in  the  Whet¬ 
stone  gulf,  shows  four  such  ribs,  bent,  however,  not  obliquely  back 
but  first  outward  and  then  rectangularly  backward. 

This  species  is  also  represented  by  cranidia  and  free  cheeks  in 
the  Indian  Ladder  fauna  (see  Ruedemann,  1912,  p.  51,  119). 

In'  the  fossil  lists  and  table  we  have  credited  all  occurrences  of 
carapaces  and  free  cheeks  of  Odontopleura  from  the  lower  Lorraine 
to  this  species. 

We  have  before  us  specimens  which  we  collected  in  the  lower 
Lorraine  (Whetstone  Gulf  formation)  of  the  Whetstone  gulf  (stations 
6,  7,  9),  Mill  creek  (stations  10  and  15),  and  Wood  creek  (stations 
2,  3,  4  and  9)  and  also  specimens  referable  here  from  the  base  of 
the  upper  Lorraine  (Lorraine  gulf  station  22a).  The  United  States 
National  Museum  contains  material  from  the  lower  Lorraine  of 
“  Totman  gulf  ”  near  Lorraine  and  from  a  locality,  i\  miles  east  of 
Rome,  obviously  also  in  an  association  corresponding  to  the  lowest 
member  of  the  Whetstone  Gulf  formation.  This  minute  acidaspid 
seems  thus  to  have  ranged  through  the  lower  Lorraine  and  possibly 
even  into  the  base  of  the  upper  Lorraine. 

The  Pulaski  formation  also  contains  cranidia  of  a  small  Odonto¬ 
pleura  which  seem  not  distinguishable  from  those  of  the  Lower 
Lorraine  and  are  here  referred  to  O.  crosota. 

Odontopleura  ceralepta  (Anthony) 

Plate  22,  figure  ^  10 

Odontopleura  ceralepta  was  described  by  Anthony  in 
1838,  (p.  379)  in  a  supplementary  note  to  a  paper  by  Warder,  from 
the  pygidium  obtained  in  the  neighborhood  of  Cincinnati.  This  was 
erroneously  considered  the  head  and,  bearing  two  conspicuous  spines, 
it  was  placed  under  the  genus  Ceratocephala,  erected  in  the  same 
article  by  Warder  for  species  with  two  supposed  frontal  spines. 
Meek  (1873)  described  and  figured  two  more  pygidia  of  the  same 
type  placing  them  under  Acidaspis,  and  soon  after  Miller  (1875,  p. 
349)  referred  this  pygidium  to  his  Acidaspis  anchoralis, 
the  head  of  which  he  had  found  on  the  same  slab  with  the  pygidium 
of  Ceratocephala  ceralepta  Anthony.  Vogdes  (1877, 
p.  138)  asserted  the  priority  of  Ceratocephala  over  Acidaspis  and 
Odontopleura,  placing  the  latter  as  a  subgenus  under  Cerato¬ 
cephala.  Clarke  later  (1892,  p.  97)  resurrected  the  genus  Cerato¬ 
cephala  for  Acidaspidae  with  the  characters  of  the  genotype’ 
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C.  goniata  Warder,  a  Silurian  form,  including  also  the  species 
here  under  discussion  in  the  emended  genus,  and  pointing  out  at 
the  same  time  that  if  the  head  and  pygidium  found  associated  by 
Miller,  should  prove  to  belong  together,  Miller’s  name  must  take 
its  place  as  synonymous  for  C.  ceralepta.  While  Clarke 
gave  Ceratocephala  on  the  ground  of  priority,  such  a  wide  scope 
that  it  includes  Odontopleura,  Acidaspis  and  Dicranurus  as  sub¬ 
genera,  Vogdes  (1893,  p.  259)  only  recognized  Murchison’s  Acidaspis 
(erected  1839,  in  Silurian  System)  as  the  receptacle  for  the  other 
subgenera,  following  therein  the  prevailing  opinion.  Raymond  has 
now  (1913,  p.  722)  separated  the  groups  interesting  us  here  into  full 
genera,  Odontopleura  being  characterized  by  a  smooth  occipital 
ring  or  one  with  but  a  median  tubercle,  Acidaspis  by  a  single  spine 
and  Ceratocephala  by  two  long,  nearly  straight  divergent  spines 
on  the  occipital  ring.1 

Ceratocephala  ceralepta  Anthony  being  based  on  a 
pygidium,  could  not  be  placed  conclusively  into  any  of  these  genera, 
the  pygidium,  as  pointed  out  by  Clarke,  being  quite  variable  in  all 
the  groups  of  the  Acidaspidae  (or  more  correctly  Odontopleuridae 
Burmeister  according  to  Raymond).  Fortunately  we  have 
obtained  a  perfect  specimen  bearing  the  characteristic  pygidium  of 
C.  ceralepta.  This  comes  from  the  lower  Lorraine  shale 
(Whetstone  Gulf  formation)  of  the  neighborhood  of  Rome  (see  plate 
22,  figure  10)  and  while  somewhat  unfavorably  preserved  about  the 
head,  is  sufficient  to  demonstrate  that  Anthony’s  species  is  an 
Odontopleura  and  so  closely  related  to  the  Trenton  form  O. 
p  a  r  v  u  1  a  (Walcott)  that  we  deem  it  sufficient  to  point  out  the 
differences  from  that  species. 

Odontopleura  ceralepta  agrees  with  O.  p  a  r  v  u  1  a 
in  the  small  size,  our  specimen  being  but  7.5  mm  long  and  5.5  mm 
wide ;  in  the  short  broad  head  and  apparently  also  in  the  form  of  the 
glabella.  The  spinose  fringe  of  the  free  cheeks  is  present  in  both 
O.  ceralepta  and  O.  p  a  r  v  u  1  a,  although  it  is  not  men¬ 
tioned  of  the  latter  in  the  original  description  (Walcott,  1880,  p.  69) 

1  Since  this  was  written  6  years  ago,  further  discussions  of  the  classification 
of  the  Acidaspidae  have  come  to  hand  published  by  R.  and  E.  Richter  (1917) 
and  F.  R.  Cowper  Reed  (1925).  The  Richters  distinguish  seven  subgenera  of 
Acidaspis,  among  which  Odontopleura  does  not  appear.  As  Reed  points  out, 
its  type  species  undoubtedly  belongs  to  Leonaspis,  a  subgenus  proposed  by 
Richter,  and  Odontopleura  having  the  right  of  priority,  the  “  much  disputed 
name”  has  to  be  revived.  Ceratocephala  Warder  is  also  made  a 
subgenus  by  the  Richters  and  in  a  still  more  recent  publication  (1925)  Cerato¬ 
cephala  is  given  priority  over  Acidaspis  and  the  name  “  Ceratocephalidae  ” 
adopted  for  the  family. 
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or  shown  in  Clarke’s  figure  of  the  species  (1897,  p.  744,  figure  61). 
This  is  undoubtedly  due  to  the  fact  that  the  spinules  are  bent  down¬ 
ward  and  therefore  only  visible  in  very  few  specimens  and  when 
searched  for.  They  are  likewise  bent  obliquely  downward  in 
0.  ceralepta.  The  genal  spine  is  not  well  shown  and  probably 
much  longer  than  figured,  or  as  in  p  a  r  v  u  1  a. 

The  thorax  is  as  described  of  O.  parvula  by  Walcott.  The 
tubercles  on  the  axial  lobe  and  on  the  posterior  elevated  ridge  of 
the  pleurae  are  as  in  the  Trenton  species,  though  on  account  of 
partial  exfoliation,  only  shown  in  one  or  two  places.  The  anterior 
depressed  region  of  the  pleurae  is  furnished  in  both  species  with  a  row 
of  eight  to  ten  small  tubercles.  The  hollow  lateral  spines  of  the 
pleurae  are  distinctly  shorter  and  at  the  same  time  blunter  in  the 
Lorraine  form  and  likewise  those  of  the  pygidium  with  the  exception 
of  the  two  long  spines  which  are  developed  fully  as  much  if  not  more 
in  0.  ceralepta.  The  tuberculation  is  coarser  throughout  in 
O.  parvula  than  in  O.  ceralepta. 

Heads  and  free  cheeks  referable  to  this  species  or  the  preceding 
appear  throughout  the  lower  Lorraine  beds. 

Both  the  species  here  referred  to  are  extremely  similar  to  the 
Odontopleura  (Acidaspis)  primordialis  (Bar- 
rande)  and  obviously  represent  a  type  that  had  a  wide  distribution. 
The  Ceratocephala  (Acidaspis)  cincinnatiensis 
(Meek) ,  which  occurs  in  the  Eden  of  the  vicinity  of  Cincinnati  and 
is  also  based  on  a  pygidium,  belongs,  judging  from  the  latter,  into 
the  Odontopleura  parvula-ceralepta  group,  but 
was  a  larger  form. 

Order  Proparia 

Family  Calymenidae  Milne  Edwards 
Genus  Calymene  Brongniart 
Calymene  senaria  Conrad  mut.  granulosa  Foerste 

and  mut.  meeki  Foerste 
Plate  20,  figures  7  and  8 

The  Calymenes  of  the  Lorraine  formation  have  appeared  under 
various  names  in  the  literature.  The  oldest  of  these  names  are 
Calymene  callicephala  Green  and  C.  senaria 
Conrad.  The  former  was,  as  pointed  out  by  Clarke  (1897,  p.  699), 
undoubtedly  intended  for  the  Calymene  of  the  Cincinnatian  beds, 
but  since  the  type  specimen  is  labeled  as  coming  from  a  district  in 
West  Virginia  which  is  not  known  to  contain  any  Cincinnatian  rocks. 
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(see  Foerste,  1910,  p.  83)  and  since  that  specimen  does  not  represent 
the  common  trilobite  of  the  Cincinnati  region,  Green’s  name  has 
been  abandoned.  Hall  used  C.  s  e  n  a  r  i  a,  originally  proposed 
for  the  Trenton  form,  also  for  the  Lorraine  (“  Hudson  River  ”) 
species  and  he  was  followed  in  this  identification  by  Meek,  who 
carefully  described  the  Cincinnati  type,  and  by  others.  In  his 
American  Geology  (1855,  p.  236)  Emmons  described  the  Calymene 
from  the  “  Lorraine  shales  ”  as  C.  c  o  n  r  a  d  i,  obviously  intending 
to  replace  by  this  name  that  of  C.  s  e  n  a  r  i  a  used  by  Hall  for 
the  Lorraine  form.  Emmons  describes  his  species  as  follows : 

Small,  wide  across  the  cheeks,  cheek  angles  obtuse  or  rounded ; 
posterior  lobes  of  the  glabella  comparatively  large  and  globular; 
thoracic  lobes  very  convex,  with  a  row  of  tubercles  in  the  furrow  or 
between  the  axis  and  the  lateral  lobes.  Lorraine  shales. 

Foerste  (1914,  p.  320)  states  that  it  will  be  necessary  to  establish 
the  species  on  other  grounds  than  this  description  furnishes.1  Doc¬ 
tor  Foerste  had  previously  (1909,  p.  294)  proposed  the  name  “  C. 
callicephala  granulosa”  for  the  Eden  species  of  the 
Ohio  basin,  which  is  said  by  him  to  be  distinguished  from  C. 
callicephala  “by  its  smaller  size  and  by  the  presence  of 
numerous  granules,  larger  and  more  conspicuous  than  in  the  latter 
species.  The  anterior  border  of  the  cephalon  appears  less  strongly 
elevated  anterior  to  the  glabella.”  The  same  author  (1910,  p.  84) 
proposed  the  name  “  C.  meeki”  for  the  larger  form  of  the  Cin¬ 
cinnatian  rocks,  occurring  above  the  Eden  (Maysville  and  Richmond) 
and  fully  described  by  Meek  (1873,  p.  173).  “  As  types,  the  large 

specimens  from  the  Fairmount  bed,  with  a  rather  extended  posterior 
outline  of  the  cephalon,  resulting  in  acute  genal  angles  are  chosen.” 

Emmons’  description  of  c  o  n  r  a  d  i  is  based  on  casts  of  the 
interior,  the  common  mode  of  preservation  in  the  Lorraine  and  his 
supposed  differences  are  but  those  of  preservation.  On  the  other 
hand,  we  have  failed  by  a  comparison  of  our  Lorraine  specimens, 
with  large  series  of  Trenton  specimens  and  of  C.  meeki  from  the 
Cincinnatian  to  recognize  any  reliable  differences.  It  seems  to  us 
that  Hall,  in  his  description  of  C.  s  e  n  a  r  i  a  in  volume  I  of  the 
Palaeontology  of  New  York,  after  having  searched  himself  in  vain 
for  such  differences,  endeavors  to  forestall  a  differentiation  by  stating 
that  the  head  is  “  semicircular  or  sublunate,  ’  ’  thus  uniting  the  forms 
with  broader  and  narrower  heads ;  that  the  head  “  is  regularly  rounded 

1  In  his  more  recent  publication  (Foerste,  1924,  p.  245),  this  author  has  more 
fully  set  forth  the  lack  of  distinguishing  characters  from  “  The  upper  Ordovician  ” 
species. 
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in  front,  or  slightly  projecting  in  front  of  the  glabella,”  and  that 
“  the  posterior  angles  (are)  subacute  or  rounded.”  He  thus  men¬ 
tioned  the  differences  in  the  outline  of  the  head,  the  frontal  extension 
of  the  carapace  and  the  genal  angles.  As  shown  by  the  specimen 
figured  in  our  paper  on  the  Lower  Silurian  shales  (1912,  compare 
plate  9,  figures  6  and  10),  the  smaller  specimens  have  a  decidedly 
rounder  head  than  the  larger  ones  which  have  a  relatively  broader 
and  shorter  head.  Likewise  Trenton  specimens  vary  from  those 
with  a  distinct  long  shovel-shaped  frontal  extension,  as  that  figured 
by  Clarke  (1897,  p.  700,  figure  3),  to  such  “shortnosed”  forms 
with  steeply  upturned  short  frontal  extensions,  as  those  figured  by 
the  present  writer  from  the  Canajoharie  shale  (1912,  plate  9,  figures 
6  and  10)  and  by  Foerste  (1910,  plate  3,  figures  18  and  19).  Like 
extreme  forms  occur  in  the  material  of  C.  m  e  e  k  i  in  our  collection, 
from  the  Cincinnatian  of  Dayton,  O.  The  C.  s  e  n  a  r  i  a,  figured 
by  Clarke  (see  above)  has  very  acute  genal  angles  and  we  have 
equally  acute  specimens  before  us.  On  the  other  hand,  the  Trenton 
material  also  contains  specimens  with  fully  as  blunt  genal  angles, 
as  the  Canajoharie  specimens  cited  above  have,  and  our  material 
of  C.  m  e  e  k  i  contains  specimens  both  with  acute  and  rounded 
genal  angles.  The  surface  ornamentation  proves  equally  incon¬ 
clusive.  In  smaller  specimens  the  granulation  appears  relatively 
coarse  and  uniform,  in  the  large  specimens  (as  the  one  from  the 
Canajoharie  shale,  1912,  plate  9,  figure  10)  the  larger  granules  are 
widely  separated  and  surrounded  by  minute  ones.  This  feature 
has  been  noticed  in  Trenton  limestone,  Canajoharie  shale  and  Cin¬ 
cinnatian  examples. 

The  differences  are  then,  at  the  best,  but  those  of  tendencies  to 
development  in  certain  directions,  as  those  pointed  out  by  Foerste, 
namely,  to  a  coarser  sculpture  in  the  Eden  species  and  to  a  broader 
base  of  the  head  in  the  Maysville  form,  these  forms  partaking  of 
the  nature  of  mutations  of  senaria  rather  than  that  of  true 
species.  Considering  the  fact  that  Emmons’  C.  conradi  is 
based  on  interior  casts  of  the  carapace,  while  the  description  of  C. 
m  e  e  k  i  is  taken  from  the  exterior  view  of  the  carapace,  and  that 
the  characters  mentioned  by  Emmons,  as  the  larger  size  of  the  basal 
lobe,  are  exactly  those  of  interior  casts,  it  is  quite  certain  that  C. 
conradi  and  C.  m  e  e  k  i,  which  occur  in  equivalent  formations 
of  the  Ohio  basin  and  of  New  York,  are  identical.  It  is  then  a 
question  whether  Emmons’  name,  although  it  is  based  on  an  inade¬ 
quate  description,  has  not  the  right  of  priority  and  the  species  should 
not  be  emended. 
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For  the  present,  for  the  reasons  stated,  we  consider  it  least  liable 
of  creating  confusion,  if  we  identify  the  Whetstone  Gulf  specimens 
with  C.  granulosa  and  the  Pulaski  specimens  with  C.  m  e  e  k  i, 
although  our  Lorraine  collection  is  not  complete  enough  to  establish 
the  fact  of  an  evolutionary  tendency  in  the  mentioned  directions. 

The  two  species  are  briefly  characterized  by  Foerste  in  his  last 
publication  (1924,  p.  246)  as  follows: 

C,  granulosa  —  Size  relatively  small.  Anterior  border  of 
cephalon  less  abruptly  elevated  than  in  Calymene  meeki. 
Surface  covered  by  numerous  granules,  larger  and  more  conspicuous 
than  those  of  the  latter  species. 

C.  meeki  —  Glabella  relatively  short,  with  a  tendency  toward 
truncation  anteriorly.  Anterior  border  of  cephalon  turned  up 
abruptly  and  separated  from  the  front  of  the  glabella  by  a  narrow 
groove.  Genal  angles  with  a  short,  acute,  pointed  extremity. 
Ribs  of  the  pygidium  with  only  a  very  faint  trace  of  an  impressed 
zone  along  their  median  line. 

Hall,  in  Palaeontology  of  New  York,  volume  1,  plate  66,  figures 
3 a,  3b,  has  figured  a  thorax  and  pygidium  from  the  “  Utica  slate  ” 
at  Canajoharie  as  Calymene  sp. ,  citing  as  distinctive  characters 
from  C.  senaria  that  “the  width  of  the  lateral  lobes  of  the 
thorax,  compared  with  the  middle  lobe,”  is  greater  and  that  “  the 
continuous,  nearly  direct  groove  in  the  articulations  of  the  lateral 
lobe  is  different  from  the  same  in  C.  senaria.”  This  fragment 
belongs  to  the  large  variety  described  and  figured  by  the  writer  from 
the  Canajoharie  shale  (1912,  p.  120).  It  was  pointed  out  then  that 
this  variety  is  distinguished  from  the  contemporaneous  typical  C. 
senaria  by  the  presence  of  a  larger  tubercle  on  the  occipital  ring, 
and  in  some,  as  the  type  of  plate  9,  figure  6  (op.  cit.)  also  on  the 
glabella.  It  would  seem  that  the  great  width  of  this  form,  brought 
out  in  the  carapace  of  the  larger  specimen  (op.  cit.  plate  9,  figure  10) 
and  the  form  of  the  pleural  groove,  as  well  as  the  absence  or  but  slight 
development  of  the  forward  projection  of  the  anterior  ridge  of  the 
pleura  constitute  differences  more  marked  than  those  between  the 
Trenton  and  Lorraine  forms.  We  therefore  propose  to  distinguish 
this  variety  as  C.  senaria  var.  magnotuberculata, 
the  specimen  figured  in  New  York  State  Museum  Bulletin  162, 
plate  9,  figure  10  being  the  type.  This  form  apparently  approaches 
in  its  broad,  short  head,  to  C.  abbreviata  Foerste,  a 
Cynthiana  (upper  Trenton)  form  of  Kentucky. 
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Family  Phacopidae  Corda 
Genus  Pterygometopus  Schmidt 
Pterygometopus  cf.  callicephalus  (Hall) 

A  small  cranidium  found  in  the  Indian  Ladder  beds  proves  the 
presence  of  a  Pterygometopus  in  the  faunule.  The  species  is  either 
identical  or  very  closely  related  toP.  callicephalus  (Hall) ,  no 
distinguishing  characters  being  noticeable  in  the  outline  of  the 
glabella  or  the  glabellar  furrows;  the  frontal  lobe  especially  being 
subrhomboidal  as  in  callicephalus,  and  not  broadly  oval  and 
anteriorly  rounded  as  in  the  Maysville  form  P.  carleyi  (Meek). 

If,  however,  a  free  cheek  with  long  genal  spine,  which  was  also 
found  in  the  Indian  Ladder  beds,  belongs  to  the  same  species,  as 
the  cranidium,  then  this  would  seem  to  stand  between  the  Trenton 
species  P.  callicephalus  and  the  Maysville  form  P. 
carleyi. 

P.  callicephalus  will  be  found  described  and  figured  by 
Hall  as  Phacops  callicephalus  in  Palaeontology  of 
New  York,  volume  i,  1847,  p.  247,  plate  65,  figures  3a  to  3 i.  The 
species  has  been  annotated  and  improved  figures  furnished  by  Clarke 
(1897,  p.  731). 

Subclass  Eucrustacea 
Superorder  Ostracoda 
Family  Beyrichiidae  Jones 
Genus  Primitiella  Ulrich 
Primitiella  unicornis  (Ulrich) 

Plate  23,  figure  6 

Primitiella  unicornis  was  first  described  by  Ulrich 
(1879,  p.  10)  from  the  basal  beds  of  the  Cincinnatian  series  (Fulton 
beds)  at  Cincinnati,  Ohio;  and  again  more  fully  noted  in  his  “  Lower 
Silurian  Ostracoda  of  Minnesota,  (1897,  p.  649). 

Varieties  of  this  species  have  also  been  observed  in  the  Bala  shale 
of  Montgomeryshire,  England  (Jones,  1890,  p.  7)  and  in  the  lower 
Canajoharie  shale  of  New  York  (Ruedemann,  1912,  p.  12 1).  It  is, 
in  Bulletin  258,  recorded  from  the  upper  Canajoharie  shale  in  the 
Nowadaga-Ohisa  creek  section,  and  the  Whetstone  Gulf  formation 
in  the  Whetstone  gulf  (station  6,  in  zone  1),  Totman  gulf  and  neigh¬ 
borhood  of  Rome.  While  here  this  species  is  extremely  common 
in  the  Canajoharie  shale,  it  is  rather  rare  in  the  lower  Lorraine 
(Whetstone  Gulf)  shale. 
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We  have  found  this  species  also  to  be  a  common  member  of  the 
fauna  of  the  Gloucester  shale  of  the  neighborhood  of  Ottawa  (United 
States  Natural  Museum  no.  372).  Here,  however,  the  spine  is  short 
and  blunt,  hardly  more  than  a  mucro,  while,  at  the  other  hand, 
in  the  material  from  the  Canajoharie  shale  it  is  remarkably  acute 
(see  Ruedemann,  1912,  plate  9,  figure  14). 

Family  Leperditiidae  Jones 
Genus  Aparchites  Jones 

Aparchites  minutissimus  (Hall) 

Plate  23,  figures  1  and  2 

Aparchites  minutissimus  was  first  described  by  Hall 
as  Leperditia  (Isochilina)  minutissima  in  the  24th 
Report  of  the  New  York  State  Museum  (1872,  p.  231),  from  speci¬ 
mens  coming  from  the  Eden  at  Cincinnati.  The  species  has  later 
been  recognized  to  range  from  the  Eden  to  the  Richmond  and  to 
occur  at  various  localities  in  the  Ohio  basin,  as  well  as  in  Canada. 
In  New  York  it  has  been  observed  in  both  the  Whetstone  Gulf  and 
Pulaski  formations,  sometimes  as  a  common  form,  as  at  station 
22a  in  the  Lorraine  gulf  section  and  station  9  in  the  Whetstone 
gulf  section.  It  is  a  rather  constant  form  throughout  the  Whetstone 
Gulf  shales,  is  less  common  in  the  lower  Pulaski  beds  and  has  not 
been  found  in  the  upper  Pulaski  beds.  We  have  also  specimens 
from  the  upper  Utica  at  Holland  Patent  and  the  Frankfort  shale  at 
Six  Mile  creek  near  Rome,  N.  Y. 

While  most  of  the  specimens  are  evenly  convex,  some  also  show 
the  obtusely  pointed  subcentral  prominence,  noted  by  Hall  and 
by  Ulrich  (1889,  P-  49)-  Many  of  our  shale  specimens  are  casts 
of  the  interior  and  show  a  faint  median  depression  below  the  dorsal 
line. 

Genus  Frimitia  Jones  and  Holl 

Primitia  centralis  Ulrich 

Plate  23,  figure  7 

Original  description  (Ulrich  1890,  p.  130).  Carapace  suboblong, 
the  dorsal  edge  straight,  the  ventral  elliptically  curved,  the  anterior 
end  somewhat  narrower  and  more  sharply  curved,  both  ends  meeting 
the  dorsal  edge  without  forming  distinct  angles;  free  borders  with  a 
narrow  flange,  best  developed  along  the  posterior  edge.  Sulcus 
represented  by  a  sub-central  depression,  not  reaching  the  dorsal 
margin.  Surface  smooth. 

Size:  Length,  0.6  mm;  height,  0.35  mm 
Length,  0.75  mm;  height,  0.48  mm 
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Bassler  (1915,  p.  1029)  records  this  species  as  ranging  from  the 
upper  Trenton  to  the  Maysville  and  as  occurring  in  the  vicinity  of 
Cincinnati,  and  Foerste  has  since  (1916,  p.  92)  discovered  it  also  in 
the  Eden  shale  of  Manitoulin  Island. 

Ulrich  distinguishes  a  wider  and  larger  form  which  occurs  in  the 
Utica  (Fulton)  shale  and  a  narrower,  smaller  form  which  occurs 
in  the  higher  Cincinnatian  beds.  It  appears  that  our  material 
belongs  to  the  first  variety  and  inclines  to  be  still  wider  than  Ulrich’s 
type.  It  would  also  seem  to  have  the  flange  still  more  distinctly 
developed. 

The  species  is  rare  at  station  4  of  the  Lorraine  gulf  section  (zone  I 
of  Whetstone  Gulf  formation).  Specimens  probably  referable  here 
have  also  been  found  at  the  next  three  stations. 

Primitia  rudis  Ulrich 

Plate  23,  figures  3-5 

This  “  unshapely  ”  type  of  ostracod  has  thus  far  been  recorded 
only  as  rarely  occurring  in  the  Eden  (Economy)  beds  at  Coving¬ 
ton,  Ky.  It  is  described  by  its  discoverer  as  follows  (Ulrich,  1890, 
p.  136): 

Carapace  oblong,  subelliptical,  the  two  extremities  nearly  equal 
and  most  convex  in  the  lower  half;  dorsal  edge  slightly  convex; 
ventral  margin  gently  rounded,  almost  straight  in  the  middle  third, 
with  an  indistinct  flange.  Sulcus  rather  wide,  well  impressed,  but 
more  sharply  defined  on  the  anterior  side  than  on  the  posterior, 
extending  from  the  dorsal  border  obliquely  forward  to  the  center 
of  the  valve.  In  front  of  the  sulcus  and  between  it  and  the  dorsal 
margin  a  faintly  defined  tubercle  or  lobe.  Posterior  half  the  most 
convex,  the  slope  of  the  edge  from  point  of  greatest  convexity, 
somewhat  flattened.  An  undefined  depression  in  the  postero- 
cardinal  region. 

Size:  Length,  1.0  mm;  height,  0.5  mm. 

Our  specimens  are  a  little  smaller,  averaging  but  .8  mm  in  length, 
and  at  the  same  time  relatively  a  little  wider  and  more  convex  on 
the  ventral  margin  than  the  typical  form,  but  evidently,  as  shown 
by  the  figures  here  given,  subject  to  some  variation  as  to  outline, 
relative  width  and  length. 

Primitia  rudis  has  been  observed  in  the  lowest  zone  of 
the  Whetstone  Gulf  formation,  at  stations  4,  5,  6,  7  of  the  Lorraine 
gulf  section  and  stations  6,  7  and  9  of  the  Whetstone  gulf  section. 
It  has  also  been  recognized  among  the  Frankfort  fossils  from  Six 
Mile  creek  near  Rome,  N.  Y.  (United  States  National  Museum 
specimens.) 
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Genus  Jonesella  Ulrich 
Jonesella  pedigera  Ulrich 

Plate  23,  figures  13-15. 

For  original  description  see  Ulrich,  1890,  p.  122. 

The  peculiar  shape  of  the  ridge,  shaped  like  the  head  of  a  shep¬ 
herd’s  crook,  in  this  species  serves  well  in  distinguishing  it  from  all 
other  Ostracoda  known  to  me. 

This  species  occurs  according  to  Bassler  in  the  Eden  (Economy) 
of  Covington,  Ky.,  and  vicinity,  and  it  has  also  been  recorded  by 
Foerste  (1916,  p.  92)  from  the  Eden  shale  at  Gorrel  Point,  Mani- 
toulin  Island.  It  has  been  found  by  us  to  be  a  very  common  fossil 
in  certain  beds  of  station  6  of  the  Lorraine  gulf  section. 

Our  specimens  seem  to  be  slightly  larger  than  the  Covington 
material,  the  average  examples  here  figured  measuring  1.2  mm 
by  .65  mm,  and  1.2  mm  by  .7  mm  (two).  The  figures  illustrate 
the  variations  in  the  form  of  the  ridge  observed  on  the  same  slab. 

Genus  Bollia  Jones  and  Holl 

Bollia  uticana  nov. 

Plate  23,  figure  9 

Description.  Valve  suboval,  the  anterior  end  slightly  narrower 
than  the  posterior;  the  dorsal  margin  convex;  the  anterior  margin 
somewhat  sharply  rounded,  the  posterior  margin  nearly  straight,  the 
ventral  margin  fairly  evenly  rounded;  the  antero-dorsal  angle  very 
obtuse,  the  postero-dorsal  angle  rounded  and  slightly  obtuse.  The 
horseshoe  ridge  occupying  the  upper  half  of  the  valve,  the  upper 
arms  club-shaped  and  the  extremities  expanded  into  bulbous  swellings 
which  project  slightly  above  the  dorsal  edge  and  are  connected  by 
a  thin  ridge,  surrounding  a  deep  circular  perforation  from  which 
rises  a  small  knob.  Halfway  between  the  horseshoe  ridge  and  the 
margin  a  very  sharply  elevated  ridge  runs  parallel  to  the  edge,  except 
in  the  upper  posterior  portion.  The  free  edge  is  also  slightly  turned 
up.  Surface  smooth. 

Measurements.  Length,  .85  mm;  height  .5  mm. 

Horizon  and  locality.  Upper  Utica  shale  at  Holland  Patent,  N.  Y. 

Remarks.  We  have  three  valves  of  this  species  on  one  slab,  only 
one  of  which,  however,  is  very  finely  preserved  and  this  is  figured 
as  the  holotype. 

B.  uticana  is  in  outline,  size  and  general  characters  so 
extremely  similar  to  B.  p  u  m  i  1  a  Ulrich  that  we  would  not.  have 
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hesitated  to  consider  it  an  earlier  mutation  of  that  species  if  there 
were  not  the  long  time  interval  from  the  lowest  Utica  to  the  Waynes- 
ville  bed  of  the  Richmond  that  separates  the  two  forms.  The  main 
difference  is  found  in  the  form  of  the  bulbous  terminations  of  the 
horseshoe  ridge,  which  in  B.  pumila  are  sharply  separated  as 
semispherical  bodies  from  the  thin  connecting  ridge  while  in  B. 
u  t  i  c  a  n  a  they  are  placed  on  club-shaped  expansions  of  the  ridge. 
The  bulbous  bodies  themselves  are  less  spherical  and  more  button¬ 
shaped.  The  central  knob  inB.  uticana  may  furnish  another 
difference,  and  the  failure  of  the  submarginal  ridge  to  reach  the 
posterodorsal  angle  may  be  a  further  differential  character.  All 
these  differences  may  prove,  however,  but  varietal  ones  when  the 
gap  is  filled  by  the  finding  of  specimens  in  the  intervening  beds. 

Rollia  pulchra  nov. 

■  Plate  2 3,  figures  9-12 

Description.  Valves  compressed,  subcircular  in  outline  in  smaller, 
subovate  in  mature  specimens,  straight  above;  dorsal  angles  rounded; 
anterior  and  posterior  marginal  ridges  broad  and  flat,  the  anterior 
more  distinct  than  the  posterior  which  is  barely  noticeable,  as  a 
narrow  thickened  edge;  these  ridges  are  connected  along  the  ventral 
margin  by  a  very  thin  raised  line  inside  of  the  beveled  edge;  inner, 
horseshoe-shaped  ridge  somewhat  variable,  but  in  typical  specimens 
slightly  bulbous  and  strongly  projecting  at  the  ends  while  the  bent 
connecting  ridge  is  lower  and  either  very  narrow  or  with  a  narrow 
ridge  on  top  of  a  broader  base.  One  of  the  arms  of  the  horseshoe 
ridge,  usually  the  anterior  is  liable  to  be  more  bulbous  —  with  sugges¬ 
tions  of  a  terminal  node  —  than  the  other,  which  may  be  straight 
club-shaped.  In  young  specimens  this  ridge  is  nearly  circular,  in 
old  individuals  it  shows  a  tendency  to  angularity  at  the  inner  corners. 
Surface  smooth. 

Measurements.  Length  .80  mm;  height  .48,  thickness  not  quite 
one-half  of  length. 

Horizon  and  locality.  This  species  occurs  in  the  lower  Lorraine 
(Whetstone  gulf  shale)  at  stations  6,  7  of  the  Lorraine  section,  station 
6  of  the  Whetstone  gulf  section,  and  is  also  found  at  stations  9  and 
10  of  the  Moose  creek  section  and  at  stations  1  and  2  of  the  Wood 
creek  section.  It  is  thus  here  a  form  of  the  lowest  (Economy) 
zone  of  the  Lower  Lorraine.  It  is  also  common  in  the  material  in 
the  Rust  collection  from  the  neighborhood  of  Rome  (no.  R  1232  of 
State  Museum). 
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Bollia  sp.  aff.  pulchra  nov. 

The  upper  Utica  shale  at  Holland  Patent,  N.  Y.,  contains,  as  a  rare 
fossil,  a  form  of  Bollia  that  is  apparently  related  to  the  Lorraine 
species  pulchra  but  differs  in  possessing  more  bulbous  ridges, 
which  occupy  a  larger  portion  of  the  surface  of  the  valve.  The 
arms  of  the  horseshoe-shaped  ridge  are  both  nearly  vertical  and 
more  prominent  than  the  broad  connecting  ridge;  which  slopes 
toward  the  ventral  margin.  The  specimen  figured,  measures  .6  mm 
in  length  and  .44  mm  in  height. 

The  material  now  available  is  not  sufficient  to  establish  the 
characters  of  the  form  without  doubt. 

Genus  Dilobella  Ulrich 
Bilobella  lorrainensis  nov. 

Description.  Valves  subovate  to  nearly  semicircular;  dorsal 
outline  straight,  well-rounded  at  the  ends;  anterior  and  posterior 
margins  strongly  convex,  the  ventral  margin  slightly  less.  A  deep 
straight  vertical  sulcus,  somewhat  anteriorly  of  the  middle,  extends 
about  two-thirds  the  height  of  the  valve.  The  two  lobes  are  sub¬ 
equal,  broadly  clavate,  sharply  set  off  from  the  border  which  is  nearly 
flat,  declining  gently  towards  the  margin,  broadest  posteriorly  and 
steepest  ventrally,  and  surrounded  by  a  steeply  beveled  edge. 

Measurements.  Length  of  type  specimen  .7  mm;  height  .68  mm, 
thickness  not  quite  one-half  of  length. 

Horizon  and  locality.  Common  in  a  shaly  layer  at  stations  9  and 
10  of  Mill  creek  section  (zone  I  of  Whetstone  Gulf  formation). 

Remarks.  This  species  shows  a  certain  superficial  similarity  to 
Bollia  pulchra,  which  is  found  in  the  same  zone;  it  differs 
in  being  shorter  in  outline,  but  especially  in  greater  bulbosity  of  the 
lobes  and  the  lack  of  anterior  and  posterior  marginal  ridges.  Never¬ 
theless  we  feel  not  sure  that  it  may  not  be  directly  derived  from 
that  more  common  form  and  represent  an  extravagant  development 
of  the  same,  similarly  as  the  genus  Dilobella  is  probably,  according 
to  Ulrich,  such  a  development  of  the  Bollia  type  of  structure.  As 
the  species  is  common  in  one  layer,  and  there  holds  its  characters 
without  considerable  variation,  it  deserves  recognition,  whatever 
its  genetic  relations  may  be  to  the  species  of  Bollia. 
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Genus  Ceratopsis  Ulrich 

Ceratopsis  oculifera  (Hall) 

Plate  23,  figures  17-20 

This  species  has  been  found  only  in  casts  of  the  interior  in  the 
sandy  Lorraine  limestone  at  Pulaski  and  is  therefore  identified 
with  some  difficulty  with  the  Maysville  types.  The  figures  of  our 
specimens  give  therefore  only  an  imperfect  idea  of  the  characters 
of  this  interesting  form. 

The  species,  which  is  thus  far  known  only  from  the  Maysville 
(Corryville)  of  Cincinnati,  Ohio,  and  vicinity,  and  the  St.  Hilaire 
section  in  Quebec  (Foerste  1916,  p.  45),  was  first  described  and 
figured  by  Hall  (1872,  p.  232).  Its  characters  have  since  been  still 
more  elaborated  by  Jones  (1890,  p.  21)  and  Ulrich  has  referred  the 
species  to  his  genus  Ceratopsis  (1897,  p.  676);  a  genus  of  Tetradella- 
like  forms  in  which  the  postero-dorsal  extremity  of  the  marginal 
ridge  rises  into  a  strong  spinelike  or  otherwise  shaped  process.  The 
latter  not  being  preserved  in  the  casts,  the  specimens  appear  at 
first  sight  as  belonging  to  a  Tetradella. 

The  largest  specimen  observed  is  1.6  mm  long  and  1  mm  high, 
another  1.4  mm  long  and  .8  mm  high. 

All  the  specimens  were  obtained  in  the  highest  beds  of  the  Pulaski 
section  (station  22). 

Ceratopsis  chambersi  (Miller) 

As  Beyrichia  chambersi  Miller  (1874, p.  234)  has 
described  this  form  from  the  Cincinnatian  of  Ohio. 

Ulrich  (1897,  P*  676)  has  referred  the  species  to  his  genus  Cera¬ 
topsis  and  restricted  the  former  to  the  earlier  (Trenton  and  Black 
River  of  Minnesota,  Eden  of  Ohio)  type,  separating  the  later,  Rich¬ 
mond  form,  which  Miller  also  had  included  in  his  species,  as 
C.  robust  a.  He  gives  the  following  additional  note  on  the 
species,  as  restricted  by  him: 

The  principal  distinguishing  feature  of  this  abundant  species  is 
the  spinelike  form  of  the  postdorsal  process.  In  the  typical  variety, 
the  'postmedium  ridge  is  short  and  small.  It  is  so  in  all  the  Trenton 
specimens  and  in  the  lower  Cincinnati  group  types  of  the  species. 

While  in  the  West  the  species  occurs  in  both  the  Black  river  — 
Trenton  and  Eden  groups,  it  has  in  New  York  been  found  so  far 
only  in  the  Indian  Ladder  beds  (Ruedemann,  1912,  p.  51  and  12 1). 

Some  of  our  specimens  have  the  upper  end  of  the  postmedian 
ridge  separately  developed  as  a  small  rounded  node,  a  feature  also 
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observed  by  Ulrich  in  one  case  and  (considered  by  him  as  possibly 
abnormal.  We  were  inclined  to  consider  this  before  (1912,  p.  i2i)as 
a  distinctive  character  marking  a  variety.  Further  material  from 
the  Indian  Ladder  proves  however,  that  the  majority  of  the  speci¬ 
mens  do  not  show  this  character  and  do  not  differ  from  the  typical 
C.  chambers  i. 

Family  Cypridae  Zenker 
Genus  Bythocypris  Brady 
Bythocypris  cylindrica  (Hall) 

Bythocypris  cylindrica  was  first  described  by  Hall 
(1872,  p.  231)  as  Leperditia  (Isochilina)  cyl¬ 
indrica,  from  specimens  from  the  “Hudson  River  group” 
(probably  Eden)  at  Cincinnati.  It  was  very  fully  figured  and  its 
relationships  elaborated  by  Ulrich  (1897,  p.  687).  It  is  now  known 
to  range  from  the  Trenton  to  the  Richmond  and  to  have  a  wide 
geographic  distribution  extending  from  Quebec  (Foerste,  1918,  p.  21) 
to  Manitoba  and  Tennessee.  In  New  Y ork  it  has  before  been  recorded 
by  the  writer  as  abundant  in  the  Rysedorph  Hill  conglomerate  (1901, 
p.  86)  and  been  found  to  occur  profusely  in  the  lower  Lorraine 
(Whetstone  Gulf)  formation,  and  less  commonly  in  the  lower  Pulaski 
formation.  It  is  in  this  paper  also  cited  among  the  fossils  of  the 
uppermost  Canajoharie  shale. 

Family  Entomidae  Jones 
Genus  Elpe  Barrande 

Elpe  radiata  (Ulrich) 

Plate  23,  figure  16. 

For  original  description  see  Ulrich,  1878,  p.  2. 

This  species,  which  is  readily  distinguished  from  all  associated 
ostracods  of  the  Utica  and  Lorraine  formations  by  the  form  of  the 
valves  and  the  radially  striate  surface,  was  hitherto  known  only 
from  the  Fulton  (Utica)  beds  of  the  First  Ward,  Cincinnati,  Ohio. 
Of  the  specimens  here  figured,  one  has  been  collected  in  the  black 
Deer  River  shale  at  the  mouth  of  the  Lorraine  gorge  and  was  kindly 
identified  for  the  writer  by  Doctor  Ulrich  as  belonging  to  his  species. 
This  specimen  is  1.9  mm  long  and  1.77  mm  wide. 

The  United  States  National  Museum  contains  a  small  series  of 
specimens,  one  of  which  is  labeled  as  coming  from  the  “  Utica  shale, 
8  miles  north  of  Rome,  N.  Y.”  (Rust  collection)  and  another, 
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“  Utica  shale?,  Rome,  N.  Y.”  The  locality  given,  as  well  as  the 
character  of  the  rock  and  the  associated  fossils  (Orbiculoidea 
tenuistriata,  Leptobolus  insignis,  Triarthrus 
e  a  t  o  n  i),  indicate  the  Frankfort  age  of  the  specimens. 

Two  of  these  are  worth  special  mention;  one  for  exhibiting  a  deep 
median  sulcus  on  the  internal  mold  that  shows  the  presence  of  a 
strong  clavicle  upon  the  interior  shell,  presumably  for  the  attach¬ 
ment  of  the  adductor  muscles.  The  other,  also  an  interior  view, 
retains  a  powerful  internal  ligament  that  in  opening  the  valves 
interacted  with  the  before-mentioned  adductor  muscles.  The 
presence  of  such  a  strong  ligament  is  also  noticeable  in  the  internal 
casts  of  other  species  of  Elpe,  as  E.  cincinnatiensis  (see 
Meek,  1873,  plate  14,  figure  id)  through  the  interruption  of  the 
contact-line  of  the  valves.  It  is  due  to  this  strong  ligament  that  the 
two  valves  are,  in  E.  radiata,  nearly  always  found  still  connected 
along  the  hinge-line. 

Superorder  Cirripedia 
Family  Lepidocoleidae  Clarke 
Genus  Lepidocoleus  Faber 

Lepidocoleus  jamesi  (Hall  &  Whitfield) 

Plate  25,  figure  1-3 

This  species  of  cirripede  crustacean  was  first  described  (1875, 
p.  106),  from  the  Cincinnatian  of  the  neighborhood  of  Cincinnati, 
from  detached  plates  and  referred  to  Plumulites.  Later,  Faber 
(1886,  p.  15)  described  an  entire  specimen  and  erected  the  genus 
Lepidocoleus  for  cirripedes  whose  body  is  covered  by  two  columns  of 
plates.  The  genus  became  still  more  fully  known  from  a  Silurian 
type,  described  by  Clarke. 

Plates  alike  to  those  described  from  Cincinnati  occur  in  New  York 
from  the  Trenton  upward  to  the  top  of  the  Lorraine.  They  have 
been  described  and  cited  by  the  writer  (1901,  102)  from  many  locali¬ 
ties  in  the  Canajoharie  and  Snake  Hill  shales  and  the  Indian  Ladder 
beds;  and  observed  by  him  in  the  Trenton  limestone  (1901,  pl^te  2, 
figure  10).  In  the  Lorraine  section  they  are  a  fairly  regular  com¬ 
ponent  of  the  shale  faunas. 

In  the  Pulaski  beds  at  Worth ville,  N.  Y  (station  22)  there  occur 
together  with  the  normal  triangular  plates,  as  figured  by  Hall  and 
Whitfield,  narrow  leaflike  plates  with  a  distinct  median  rib  and  very 
faint  transversal  lines  (see  figure  1).  A  plate  of  this  character, 
though  relatively  wider,  has  already  been  figured  by  the  writer 
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in  New  York  State  Museum  Bulletin  42,  plate  2,  figure  11,  and 
referred  to  Lepidocoleus  jamesi. 

While  both  the  known  entire  specimens,  that  of  L.  jamesi  and 
that  of  L.  s  a  r  1  e  i,  do  not  exhibit  any  plates  of  this  character,  it 
is  generally  assumed  that  these  plates  which  have  been  observed  in 
various  formations  belong  to  the  peduncle  not  hitherto  found  (fide 
Clarke). 

The  separate  plates  from  the  different  formations  do  not  indicate 
any  specific  differences,  although  it  is  quite  probable  that  such  exist 
between  the  Trenton  and  Lorraine  representatives. 

Family  Balanidae  Darwin 

Eobalanus  informans  Rued.1 

Plate  24,  figures  1-4 

Description.  Wall  elliptic  or  oval  in  outline,  the  major  and  minor 
diameters  to  each  other  as  4:3;  consisting  of  twelve  free  plates, 
(termed  compartments)  five  symmetric  lateralia,  and  the  asymmetric 
carina  and  rostrum.  Scuta  and  terga  have  not  been  observed.  The 
lateralia  are  wedge-shaped  but  so  arranged  that  they  interlock,  the 
outer  pairs  being  broadest  at  the  base  (outside),  the  next  pair  also 
narrowing  toward  the  top  but  with  the  apex  truncated,  the  middle 
pair,  however,  widest  at  the  top,  thus  forming  a  sort  of  keystone  in 
the  series  of  plates.  One  of  the  asymmetric  plates  is  somewhat 
larger  than  the  other,  this  end  of  the  wall  having  been  apparently 
more  acute  than  the  other,  producing  an  oval  outline.  These  wall 
plates  were  inserted  in  an  elliptic  base  the  impression  of  which  pro¬ 
jects  slightly  beyond  the  basal  edges  of  the  wall-plates. 

The  surface  of  the  compartments  is  smooth;  save  the  growth¬ 
lines  that  run  parallel  to  the  basal  margins. 

Measurements.  The  largest  specimen  observed  measures  28  mm 
in  length  and  23  mm  in  width,  a  smaller  complete  specimen  is  9  mm 
long  and  7  mm  wide. 

Horizon  and  locality.  All  specimens  observed  were  attached 
to  the  conchs  of  Geisonoceras,  mainly  G.  amplicameratum, 
from  the  Utica  shale  at  Holland  Patent. 

Remarks.  Doctor  A.  F.  Foerste,  during  one  of  his  visits  to  the 
State  Museum,  directed  attention  to  the  fact  that  Billings  had 

1  This  species  as  well  as  a  Trenton  congener  have  been  described  in  an  earlier 
paper  entitled:  An  Ancestral  Acorn  Barnacle  (N.  Y.  State  Mus.  Bui.  251,  1924, 
p.  93-104).  There  also  the  phylogenetic  significance  of  this  discovery  has  been 

fully  discussed. 
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figured  a  fossil  similar  to  this  species.  He  had  in  mind  the 
Aspidella  terra-novica,  from  the  “  Huronian  ”  near 
St  Johns,  Newfoundland  (see  E.  Billings;  Palaeozoic  Fossils,  volume 
2,  part  1,  1874,  figure  45).  This  fossil  is  described  by  Billings  as 
small  and  ovate  in  size  and  outline,  with  “  a  narrow  ringlike  border, 
within  which  there  is  a  concave  space  all  around.”  “  In  the  middle 
there  is  a  longitudinal  roof  like  ridge,  from  which  radiate  a  number 
of  grooves  to  the  border.  The  general  aspect  is  of  a  small  Chiton 
or  Patella,  flattened  by  pressure.  It  is  not  probable,  however,  that 
they  are  allied  to  either  of  these  genera.” 

It  is  true  that  this  fossil,  as  figured  by  Billings,  shows  a  certain 
similarity  to  Eobalanus,  although  the  radiating  lines  would  suggest 
a  much  greater  number  of  plates.  Although  Aspidella 
terranovica  appears  in  some  of  the  older  textbooks  as  a 
Precambrian  fossil,  it  seems  to  have  early  fallen  under  suspicion.  It 
is  not  any  more  cited  by  G.  F.  Matthew  among  the  Upper  Huronian 
Fossils  of  Newfoundland  in  1910  (The  Sudden  Appearance  of  the 
Cambrian  Fauna,  C.  R.  du  XI :e  Congr.  Geol.  Int.,  p.  558)  and 
Thomas  H.  Clark  has  more  recently  (New  Fossils  from  the  Vicinity 
of  Boston,  Proc.  Boston  Soc.  of  Nat.  Hist.,  volume  36,  no.  8,  1923,  p. 
484)  declared  these  structures  to  be  of  inorganic  origin  and  probably 
marking  the  sites  of  vents  of  escaping  gas. 

The  discussion  on  the  phylogeny  of  the  Cirripedia  to  which  the 
discovery  of  Eobalanus  has  led,  is  beyond  the  scope  of  this  bulletin. 

Superorder  Malacostraca 
Division  Phyllocarida 
Order  Nebaliacea 
Family  Ceratiocaridae  Salter 
Genus  Ceratiocaris  Salter 

Ceratiocaris  (Limnocaris)  timida  nov. 

Plate  25,  figure  4 

Description.  Carapace- valves  small;  pod-shaped;  twice  as  long 
as  wide ;  widest  at  the  middle  or  a  little  in  front  of  the  middle.  Dorsal 
margin  straight  or  gently  convex;  anterior  margin  contracted  into 
an  acute  point  a  little  above  the  median  line;  ventral  margin  fairly 
evenly  rounded,  posterior  margin  truncated  with  rounded  corners. 
The  eye-tubercle  is  distinct,  large  and  situated  well  forward.  The 
abdomen  is  large  and  protruding  a  distance  equalling  the  length  of 
the  carapace;  it  consists  of  about  twelve  segments,  five  to  six  of  which 
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are  seen  within  the  carapace.  The  telson  is  relatively  short  and 
blunt;  the  cercopods  have  not  been  observed.  Surface-sculpture 
not  known. 

Measurements.  Largest  specimen  (type)  possesses  a  carapace 
31.5  mm  long  and  16.5  mm  high. 

Horizon  and  locality.  Upper  Utica  shale  (zone  of  Climacograptus 
pygmaeus)  at  Holland  Patent,  N.  Y. 

Remarks.  This  species  is  based  upon  a  dozen  specimens  that 
were  found  sheltered  in  the  paragastral  cavity  of  a  sponge,  probably 
a  Teganium,  which  has  lost  all  trace  of  spicules  except  in  one  spot, 
while  the  walls  as  well  as  the  paragaster  and  osculum  are  still  dis¬ 
tinctly  outlined,  the  now  projecting  paragaster  having  become 
filled  with  mud  to  some  extent  and  thus  preserved.  The  carapaces 
for  the  most  part  are  covered  by  the  film  which  resulted  from  the 
overlying  wall  of  the  sponge  and  therefore  while  distinct  as  to  their 
outlines  and  eye-tubercles,  are  lacking  the  sculpture  markings,  if 
there  were  any  originally. 

The  specimens  vary  greatly  as  to  outline  and  size;  the  differences 
in  outline  are  obviously  due  to  different  positions  of  the  carapace  to 
the  direction  of  compression;  and  the  narrow,  slender  carapace- 
valves  are  more  or  less  turned  under  along  the  ventral  margin. 

The  eyes  appear  as  distinct  tubercles  in  several  specimens,  and 
the  species  belongs  therefore  to  the  subgenus  Limnocaris  Clarke  of 
Ceratiocaris. 

The  preservation  of  a  dozen  individuals  of  a  crustacean,  of  which 
no  other  trace  is  observable  in  the  large  Utica  collections,  within  the 
paragaster  of  a  sponge,  sheds  some  interesting  light  on  the  failure  of 
preservation  under  normal  conditions  of  forms  that  may  have  been 
quite  abundant  in  the  sea. 

Ceratiocaris  sp.  ? 

Plate  26,  figure  6 

A  slab  of  black  shale  from  the  Whetstone  gulf  shale  near  Rome 
(collected  by  Valiant,  in  Rust  collection)  bears  three  rigid,  straight 
bayonetlike  spines,  one  with  a  narrow  sharp  median  keel,  the  other 
with  a  blunter  keel  and  two  parallel  narrow  ridges,  the  third  and 
smallest  with  a  keel  in  the  distal  portion  and  a  shallow  median 
depression  in  the  proximal  portion.  These  strange  bodies  which 
possess  a  fairly  strong  carbonaceous  test  and  were  apparently  flat 
or  elongate  rhombic  in  section,  suggest  at  first  glance  the  possibility 
that  they  may  be  leg-spines  of  the  Echinognathus  noted  in  this 
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paper  from  the  Frankfort  shale.  These  leg  spines  are,  however, 
always  strongly  curved,  while  those  before  us  are  rigidly  straight 
and  dagger-like,  and  rather  flat  in  section,  suggesting  by  these  features 
the  telson  spines  of  a  Ceratiocaris-like  crustacean.  Their  chief 
interest,  as  with  other  fragments  here  described,  lies  in  indicating 
the  presence  in  the  Frankfort  and  Utica  shales  of  peculiar  organisms, 
that  still  await  their  resurrection  from  the  black  shales. 

Class  Arachnida 
Subclass  Merostomata 
Order  Eurypterida 
Family  Eurypteridae  Burmeister 
Genus  Echinognathus  Walcott 
Echinognathus  clevelandi  Walcott 

Plate  26,  figure  5 

The  genus  Echinognathus  and  the  species  E.  clevelandi 
are  both  based  on  material  from  the  Utica  shale  at  Holland  Patent. 
The  original  specimens  described  by  Walcott  (1882,  p.  152)  consisted 
of  a  segment  and  a  walking  leg.  These  specimens  have  been  refigured 
and  the  relationship  of  the  genus  discussed  by  Clarke  and  Ruedemann 
(1912,  p.  322).  Ruedemann  has  later  (1916,  p.  108)  described  addi¬ 
tional  parts,  namely,  a  supposed  carapace,  a  metastoma  and  a  very 
large  leg  spine,  the  latter  probably  from  the  Frankfort  shale  at  Rome, 
while  the  others  are  from  the  Utica  shale  at  Holland  Patent.  All 
these  fragments  seem  to  indicate  a  close  relationship  of  Echinognathus 
to  Eusarcus,  and  for  Echinognathus  clevelandi 
a  size  of  a  meter  or  more. 

On  account  of  the  interest  that  attaches  to  all  parts  of  these 
strange  marine  arachnids,  we  add  here  the  figures  of  further  frag¬ 
ments,  also  obtained  at  Holland  Patent.  The  first  of  these,  a  small 
portion  of  a  segment,  is  remarkable  for  the  very  large  size  of  the 
scales,  indicating  a  very  large  individual,  and  further  for  the  row 
of  large  overlapping,  keeled  marginal  plates  of  the  segment,  which 
represent  a  feature,  that  in  this  extreme  development  is  probably 
gerontic  in  the  individual  and  has  not  been  noticed  before  in  the 
eurypterids  of  New  York,  though  recalling  a  leg  of  an  undescribed 
Stylonurus  (see  Clarke  &  Ruedemann,  1912,  plate  53,  figure  7) 
from  Otisville,  N.  Y. 

^  Another  fragment,  from  the  collection  of  the  National  Museum, 
represents  half  the  operculum.  This  is  indicated  by  the  articulating 
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process  in  the  upper  left  corner  and  the  small  transverse  width  of 
the  fragment.  The  droplike  scales  of  part  of  the  segment  are  dis¬ 
tinctly  seen  if  the  specimen  is  turned  at  the  proper  angle  towards 
the  light ;  likewise  the  peculiar  sculpture  of  the  posterior  margin  is 
readily  observed  in  the  proper  light,  notwithstanding  the  extreme 
crumbling  and  flattening  that  the  flexible  test  has  suffered. 

The  flat  fragment  of  test  obviously  served  as  cover  and  refuge 
for  a  number  of  lamellibranchs  (Prolobelias),  some  ostracods  and 
other  organisms. 

Stylonurus  sp. 

Plate  26,  figure  5 

Under  this  heading  may  be  mentioned  the  leg  segment,  repro¬ 
duced  in  plate  26,  figure  5.  This  is  characterized  by  its  slender 
form,  indicating  a  long  walking  leg  such  as  Stylonurus  possesses. 
To  the  latter  genus  point  also  the  peculiar  long  linear  scales  of  the 
upper  portion  of  the  joint,  which  toward  the  lower  and  more  distal 
part  are  replaced  or  merge  into  deep  flutings. 

The  fragment  lies  associated  with  abundant  Cryptolithus 
b  e  1 1  u  1  u  s,  specimens  of  Isotelus  stegops  and  crinoid 
joints,  on  a  slab  of  argillaceous  sandstone  from  the  Whetstone 
Gulf  formation  near  Rome  (Rust  collection). 

Genus  Eurypterus  Dekay 

Eurypterus  ?  rusti  nov. 

Plate  27,  figure  1 ;  plate  28 

This  species  is  based  upon  a  carapace,  three  tergites  and  a  post¬ 
abdomen  with  telson.  All  were  found  in  a  large  patch  of  car¬ 
bonaceous  matter,  such  as  occur  in  the  Utica  shale  at  Holland  Patent. 
This  particular  patch,  on  closer  inspection,  dissolved  itself  into  a 
nearly  entire  specimen  of  Pterygotus  (see  P.  walcotti)  and 
the  above-mentioned  fragments  of  an  Eurypterus. 

The  species,  judging  from  these  remains,  was  of  medium  size. 
The  carapace  approximately  semielliptic,  the  length  about  two- 
thirds  the  width,  the  outline  fairly  uniformly  rounded,  the  posterior 
margin  very  slightly  convex.  The  lateral  eyes  are  large,  one-third 
the  length  of  the  carapace;  lunate  in  outline;  far  apart,  distant  from 
the  lateral  margin  by  their  own  length;  situated  on  both  sides  of 
the  central  portion  of  the  carapace.  Ocelli  not  positively  recognized, 
possibly  situated  on  a  line  connecting  the  posterior  extremities 
of  the  lateral  eyes.  Tergites  short  and  wide,  about  7  times  as  wide 
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as  long;  distinctly  curved  backward  in  the  middle  portion.  No  traces 
of  sculputure  were  observed,  the  plates  being  seen  from  the  inside. 

Associated  with  the  carapace  are  two  fragments  of  postabdomina 
which  are  those  of  an  Eurypterus  or  Stylonurus  and  presumably 
belong  to  this  species.  They  are  slender,  gradually  tapering,  the 
segments  about  as  long  as  wide;  the  telson  is  a  very  slender  spine, 
rapidly  contracting  in  the  first  third  of  its  length. 

Measurements.  The  carapace  is  24  mm  long  and  about  39  mm 
wide  opposite  the  eyes ;  the  eyes  are  9  mm  long.  The  second  tergite 
is  about  7  mm  long  and  41  mm  wide.  The  fragmentary  postabdomen, 
retaining  four  segments  and  the  telson,  measures  89  mm  and  is 
about  21  mm  wide  at  its  anterior  end  and  9  mm  at  the  base  of  the 
telson. 

Horizon  and  locality.  Upper  Utica  shale  (zone  of  Clima- 
cograptus  pygmaeus)  at  Holland  Patent,  Oneida 
county,  N.  Y. 

Remarks.  The  appendages  being  lacking,  there  is  some  doubt 
as  to  the  proper  generic  reference  of  this  species,  for  there  is  a  bare 
possibility  that  the  form  may  belong  to  the  Stylonurus  group, 
although  the  telson  is  not  quite  so  styliform  as  it  is  in  that  genus. 

The  species  is  not  in  danger  of  being  confused  with  any  of  the 
eurypterids  described  by  Clarke  and  Ruedemann  from  the  Sche¬ 
nectady  beds  of  New  York. 

Genus  Dolichopterus  Hall 

Dolichopterus  insolitus  nov. 

Plate  26,  figure  1 

Description.  Body  small,  subfusiform.  Cephalothorax  broadly 
subquadratic,  about  one-fourth  wider  than  long.  Lateral  margins 
subparallel,  but  gently  curved,  antero-lateral  angles  well-rounded, 
anterior  margin  slightly  convex;  posterior  margin  slightly  concave. 
Lateral  eyes  (?)  small,  reniform,  situated  forward  near  the  antero¬ 
lateral  corners.  Ocelli  not  distinctly  seen.  Abdomen  gradually 
widening  to  the  third  and  fourth  tergites,  thence  more  abruptly 
contracting.  Postabdomen  and  telson  not  observed.  Tergites 
narrow  plates,  6  to  7  times  as  wide  as  long.  Appendages  and  sur¬ 
face  sculpture  not  known. 

Measurements.  Length  of  cephalothorax  and  abdomen  32.5  mm ; 
greatest  width  of  abdomen  22  mm;  length  of  cephalothorax  12  mm; 
width  at  base  16  mm;  length  of  lateral  eyes  2  mm;  length  of  second 

tergite  3  mm;  width  21  mm. 
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Horizon  and  locality.  Upper  Utica  shale  (horizon  of  Climacograp- 
tus  pygmaeus)  at  Holland  Patent,  N.  Y. 

Associated  on  same  slab  with  Trocholites  ammonius 
major,  Eusarcus  breviceps,  Leptobolus  insig- 
nis,  Climacograptus  pygmaeus  and  numerous 
eurypterid  fragments. 

Remarks.  This  species  is  based  on  the  single  specimen  figured 
and  therefore  is  still  imperfectly  known.  The  cephalothorax  is, 
however,  well  characterized  by  its  outline  and  the  forward  position 
of  its  lateral  eyes.  These  two  features  will  distinguish  it  at  once 
from  the  larger  Eurypterus  rusti,  which  has  a  broader, 
more  evenly  rounded  cephalothorax  and  larger,  more  centrally 
located  eyes. 

There  is  none  of  the  eurypterids  of  the  Schenectady  beds,  with 
which  it  could  possibly  be  confused,  except  perhaps  D.  frank- 
fortensis,  which  has,  however,  a  more  elongate  carapace 
and  the  lateral  eyes  placed  nearer  to  the  antero-lateral  angles. 
It  is  principally  on  account  of  this  position  of  the  eyes  that  we  have 
placed  this  species  provisionally  with  Dolichopterus ;  considering 
it  quite  possible  that  later  discoveries  of  more  complete  material 
will  prove  it  to  be  an  Eurypterus. 

Genus  Eusarcus  Grote  and  Pitt 

Eusarcus  breviceps  nov. 

Plate  26,  figure  2 

Description.  Body  of  small  size,  compact  subfusiform  in  outline. 
Cephalothorax  semi-elliptic,  twice  as  wide  as  long.  Lateral  margins 
fairly  rounded,  converging  forward;  anterior  margin  transverse, 
short,  produced  in  the  middle  into  a  short  trapezoidal  process;  at 
the  basal  angles  of  which  the  relatively  small  oval  lateral  eyes  are 
(apparently)  situated.  Posterior  margin  straight  transverse.  Ocelli 
large,  situated  on  a  large  monticule  that  lies  a  little  anterior  to  the 
center  of  the  cephalothorax.  Abdomen  but  little  wider,  at  third 
segment,  than  the  posterior  margin  of  the  cephalothorax.  Of  the 
five  tergites  that  can  be  discerned,  the  first  is  the  narrowest ;  it  is  1 1 
times  as  wide  as  long,  the  others  are  about  7  times  as  wide  as  long. 

Measurements.  Length  of  cephalothorax,  (exclusive  of  frontal 
process)  16  mm;  greatest  width,  at  base,  35  mm;  length  of  frontal 
process  2  mm;  length  of  lateral  eyes  1.8  mm;  diameter  of  ocellar 
monticule  4  mm;  width  of  first  tergite  33  mm;  length  3  mm;  width  of 
third  tergite  3  5  mm ;  length  5  mm. 
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Horizon  and  locality.  Upper  Utica  shale  (zone  of  Climacograptus 
pygmaeus),  Holland  Patent,  N.  Y. 

Remarks.  This^  Species,  by  its  broad,  short  cephalothorax,  the 
anterior  lingulate  process  and  the  forward  position  of  the  eyes, 
belongs  to  the  group  of  species  typically  represented  by  the  Silurian 
form  Eusarcus  vaningeni  Clarke  and  Ruedemann.  In 
the  position  of  the  eyes  at  the  base  of  the  lingulate  process,  it  shows 
an  even  more  extreme  development  than  this  later  species,  but  is 
still  anticipated  by  the  Normanskill  species  Eusarcus 
linguatus  Clarke  and  Ruedemann. 

Family  Pterygotidae  Lankester 
Genus  Hughmilleria  Sarle 

Hughmilleria  uticana  nov. 

Plate  26,  figure  3 

A  single  specimen  retaining  the  carapace  and  the  greater  part  of 
the  abdomen  has  been  observed.  This  compares  in  size  to  the 
genotype  H.  s  o  c  i  a  1  i  s.  It  also  is  very  similar  to  that  Silurian 
species  in  general  outline  and  that  of  the  carapace. 

The  carapace  is  semi  elliptic,  about  one-fourth  wider  than  long; 
sides  gently  curved,  while  the  front  is  acutely  rounded.  The  posterior 
edge  is  slightly  curved  forward.  A  thickened  border,  about  one-half 
mm  wide,  surrounds  the  lateral  and  frontal  sides.  The  compound 
eyes  are  marginal,  situated  rather  far  forward,  at  the  antero-lateral 
angles,  elongate,  of  approximately  semi-elliptic  shape,  the  outer 
margin  being  nearly  straight,  the  inner  strongly  convex;  about  one- 
third  the  length  of  the  carapace. 

Of  the  preabdomen  the  operculum  and  several  of  the  other  ventral 
plates  (sternites)  are  discernible,  the  latter  quite  indistinctly  as  to 
their  posterior  margins.  The  operculum  bears  an  ovipositor  of 
about  its  own  length,  and  of  the  characteristic  outline  of  that  of 
Hughmilleria,  namely,  with  a  sagittate  basal  portion  and  an 
apparently  simple  distal  sheath  of  semitubular  shape.  The  distal 
extremity  seems  to  be  subtriangular.  The  genital  appendage  of 
the  following  sternite  is  merely  suggested  but  not  distinctly  seen. 

The  surface  of  the  operculum  is  provided  with  fine  transverse, 
mostly  parallel,  but  also  anastomosing  lines. 

Of  the  postabdomen  five  segments  and  a  fragment  of  the  telson 
can  be  distinguished.  The  postabdomen  is  gradually  decreasing 
in  width,  the  anterior  segments  being  wider  than  long,  while  the 
last  one  is  about  as  wide  as  long. 


154 


NEW  YORK  STATE  MUSEUM 


Measurements.  Length  of  fragment  (which  is  contracted)  97 
mm;  greatest  width  28  mm.  Length  of  carapace  17  mm;  width 
22  mm.  Length  of  compound  eye  5  mm;  that  of  operculum  16  mm. 
Length  of  second  postabdominal  segment  8  mm;  that  of  last  one 
5.5  mm. 

Horizon  and  locality.  Upper  Utica  shale  (zone  of  Climacograptus 
pygmaeus)  near  Holland  Patent,  N.  Y. 

Remarks.  This  species  is  quite  safely  considered  as  a  typical 
Hughmilleria,  although  the  appendages  and  telson  are  lacking;  for 
the  shape  of  the  carapace,  the  position  of  the  compound  eyes,  the 
ovipositor  of  the  operculum  and  the  transverse  sculpture  of  the 
latter  are  peculiarly  characteristic  features  of  that  genus.  The 
transverse  sculpture  is  most  typically  developed  in  H.  shawan- 
g  u  n  k  from  the  Shawangunk  (Silurian)  beds  of  New  York.  With 
this  species,  which  it  also  resembles  in  general  outline,  our  form 
may  be  compared  as  its  nearest  relative  among  the  small  number 
of  congeners  that  are  known  by  more  than  their  carapaces.  It  is 
also  comparable  to  H.  m  a  g  n  a  from  the  Schenectady  beds  of 
Schenectady,  N.  Y.,  a  somewhat  older  form,  which  also  possesses  a 
transverse  linear  sculpture  of  the  segments  (see  Clarke  and  Ruede- 
mann,  1912,  plate  85,  figure  19),  but  may  be  distinguished  by  the 
more  intramarginal  position  of  the  eyes  and  the  relatively  greater 
width  of  the  carapace. 

The  specimen  here  described  gives  a  wrong  impression  as  to  the 
outline  of  the  body,  the  postabdomen  being  pushed  forward  into 
or  upon  the  abdomen  and  the  body  being  thus  unnaturally  shortened. 

Genus  Pterygotus  Agassiz 
Pterygotus  walcotti  nov. 

Plate  27,  figure  1 ;  plate  28 

Description.  Species,  as  represented  by  holotype,  below  medium 
size.  Body  short  and  compact  for  a  pterygotid,  lanceolate  in  outline, 
about  4  times  as  long  as  wide.  Carapace  short  and  broad,  semi- 
elliptic  in  outline,  only  about  one-sixth  to  one-seventh  the  length 
of  the  body;  the  length  about  two-thirds  the  width;  greatest  width 
at  the  posterior  margin;  lateral  margins  fairly  evenly  convex;  pos¬ 
terior  margin  gently  concave  in  the  middle.  Surface  sculpture  not 
observed.  Lateral  eyes  marginal,  large  (a  little  more  than  one-third 
the  length  of  the  carapace),  elongate  elliptic.  Median  eyes  not 
found. 
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Abdomen  relatively  short  and  broad,  about  3  times  as  long  as 
wide,  widest  at  the  third  and  fourth  tergites ;  gradually  expanding  to 
maximal  width  and  more  rapidly  contracting  in  the  last  tergites. 
Tergites  broad  bands,  about  4  times  as  wide  as  long,  with  almost 
straight  anterior  and  posterior  margins.  Postabdominal  segments 
short  and  subcylindrical,-  the  penultimate  wider  than  long.  But 
faint  traces  of  sculpture  preserved.  Last  segment  trapezoidal  in 
outline,  as  wide  as  long,  widest  along  the  posterior  margin  where  it 
is  broader  by  about  one-third  than  at  the  anterior  margin.  The 
lateral  margins  almost  straight,  the  posterior  margin  produced  in 
the  middle  into  a  subtriangular  lobe.  Surface  furnished  with  two 
diverging  double  lines  of  punctae.  Telson  not  observed. 

Ventral  side  and  appendages  not  known. 

Measurements.  Length  of  body  (lacking  telson)  153  mm;  greatest 
width  38  mm  (conjectural  measurement);  length  of  carapace  22.5 
mm;  width  35  mm.  Length  of  preabdomen  61  mm;  width  38  mm 
(conjectural);  length  of  postabdomen  55  mm;  width  of  last  segment 
20  mm;  length  of  same  18  mm. 

Horizon  and  locality.  Upper  Utica  shale  (zone  of  Climacograptus 
pygmaeus),  Holland  Patent,  N.  Y. 

Remarks.  This  eurypterid  was  recognized  in  one  of  the  large 
carbonaceous  patches  occurring  in  the  Utica  shale  at  Holland  Patent 
(see  Eurypterus  ?  rusti),  and  collected  by  Walcott  and 
Rust  many  years  ago. 

Although  the  subtriangular  carapace  is  more  suggestive  of  its 
reference  to  Hughmilleria,  we  have  referred  the  species  to  Pterygotus 
because  the  last  postabdominal  segment  is  so  strongly  expanded  that 
it  could  not  have  served  as  basis  for  a  slender  telson-spine  as  seen  in 
Hughmilleria,  but  instead  for  a  broad  rudderlike  organ  as  in  Ptery¬ 
gotus,  where  the  ultimate  segment  is  likewise  shaped  as  in  our 
specimen.  This  Utica  form  seems  thus  to  hold  an  intermediate 
position  between  Hughmilleria  and  Pterygotus,  possibly  leading 
from  the  former  to  the  latter.  If  such  intermediate  type,  it  should 
properly  be  distinguished  by  a  different  generic  term,  but  owing 
to  the  lack  of  the  telson  and  appendages  its  true  relationship  can 
not  be  determined  conclusively. 

The  species  is  by  the  outline  of  its  head  readily  distinguished 
from  the  forms  of  Pterygotus  and  Hughmilleria,  described  by  Clarke 
and  Ruedemann  from  the  Schenectady  beds  of  New  York. 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 

of  New  York 

Abbreviations:  D.  R  =  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L  =  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
11  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NO. 

1 

NAME 

Utica  shale 

Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

References  (page) 

Plantae 

I 

Sphenophycus  lobatum  Rued . 

X 

II, 

6 

2 

S.  succulentum  Rued . 

x 

II, 

7 

3 

Discophycus  typicale  Walcott, .... 

X 

y 

11, 

8 

4 

Delesserella  1  salicifolia  Rued . 

x 

11, 

8 

s 

Palaeophycus  fluctuans  Rued . 

X 

11, 

10 

6 

Rhombodictyon  irregulare  Rued  .  . 

x 

(top) 

11, 

1 1 

Spongiae 

7 

Cyathodictya  reticulata  Walcott.  . 

x 

11, 

14 

8 

C.  (?)  walcotti  Rauff . 

x 

n, 

18 

9 

C.  (?)  pyriformis  Rued . 

x 

.... 

I . 

11, 

19 

10 

Sphaerodictya  subsphaerica  Wal¬ 

1 

cott  . 

x 

11, 

21 

11 

Teganium  subsphaericum  Rauff.  . 

x 

11, 

23 

12 

I.  macrosclera  Rued . 

X 

11, 

26 

1  3 

Foerstella  rotunda  Rued . 

x 

11 

3° 

14. 

F.  flabellata  Rued . 

x 

ii, 

31 

“T 

IS 

Polyplectella  mira  Rued . 

X 

11, 

32 

16 

Sycodictya  rara  Rued . 

x 

11, 

34 

1 7 

Pyritonema  capilliforme  Rued .... 

X 

11, 

37 

Incertae  sedis 

18 

Clionolithes  quaerens  Rued . 

X 

11, 

38 

19 

Ischadites  circularis  Emmons . 

L 

11, 

40 

Anthozoa 

20 

Columnaria  alveolata  (Goldfuss) .  . 

.... 

L 

11, 

4i 

Graptolitoidea 

21 

Dictyonema  arbusculum  (Ulrich) . . 

X 

11, 

41 

22 

Callograptus  compactus  (Walcott) 

X 

11, 

42 

23 

Mastigogr.  simplex  (Walcott) .... 

X 

11, 

43 

0 

24 

M.  tenuiramosus  (Walcott) . 

X 

11, 

43 

““T 

25 

M.  gracillimus  (Lesquereux) . 

X 

X 

11, 

43 

26 

M.  laevis  (Hall) . 

X 

X 

11, 

45 

27 

Corynoides  ultimus  Rued . 

x 

11, 

47 

28 

Inocaulis  arborescens  Rued . 

X 

11, 

48 

29 

Leptogr.  annectans  (Walcott) . 

11, 

5° 

tvpus . 

X 

11, 

51 

30 

var.  resupinus  Rued . . 

X 

11, 

5i 

31 

var.  patens  Rued . 

X 

11, 

51 

32 

var.  amplectens  Rued . 

X 

11, 

5i 

JDr  F.  H.  Knowlton  has  kindly  informed  me  that  the  generic  term  Delesserites  proposed  by 
the  writer  in  Part  2  (Bulletin  262,  p.  8)  for  a  seaweed  from  the  upper  Utica  is  preoccupied  by  a 
name  given  by  Brongniart  in  1828.  I  therefore  propose  to  change  the  term  to  Delesserella. 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (continued) 


Abbreviations:  D.  R  =  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L  =  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
11  =  Part  II  (Bulletin  26 2),  III  =  Part  III  (Bulletin  272). 


NO. 

NAME 

Utica  shale 

Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

References  (page) 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

Graptolitoidea  (continued) 

Leptogr.  flaccidus  (Hall) . 

X 

X 

X 

X 

II,  52 
II,  53 
II,  53 

II,  54 
II,  55 
II,  58 
II,  59 
II,  60 
II,  63 
II,  63 
II,  63 

II,  64 
II,  65 
II,  66 
II,  68 

II,  68 

II,  68 
II,  69 
II,  70 
II,  70 

II,  72 
II,  74 
II,  74 
II,  74 
II,  75 
II,  75 

II,  76 
II,  77 
II,  78 
II,  78 
II,  81 
II,  83 
II,  84 

II,  86 

Pleurogr.  linearis  (Carruthers) .... 
Dicranogr.  nicholsoni  Hopkinson . . 
Diplogr.  amplexicaulis  Hall 

mut.  uticanus  Rued . 

X 

Diplogr.  (Orthogr.)  nexus  Rued.  . 

X 

Diplogr.  recurrens  Rued . 

X 

Climacogr.  typicalis  Hall . 

X 

/DR 
\  At 

X 

X 

;r 

X 

X 

X 

Climacogr.  typicalis  posterus  Rued 
C.  tenuis  Rued . . 

/ 

C.  pygmaeus  Rued . 

C.  lorrainensis  Rued . 

X 

X 

Glossogr.  quadrimucronatus  (Hall) 
typus . 

At 

X 

X 

approximatus  Rued .......... 

inequispinosus  Rued . .  .  . 

lorrainensis  Rued . 

X 

Lasiogr.  (Thysanogr.)  eucharis 
(Hall) . 

X 

Crinoidea 

Ectenocrinus  simplex  (Hall) . 

X 

X 

X 

X 

Heterocr.  heterodactylus  Hall.  .  .  . 

H.  difficilis  Ulrich  MS . 

Iocrinus  cf.  subcrassus  (M.  &  W.) . 

Vermes 

Spirorbis  philorthoceras  Rued.  .  .  . 
Serpulites  crassimarginalis  Rued.  . 

X 

X 

S.  angustifolius  (Hall) . 

X 

S.  gracilis  Rued . .  . 

X 

S.  lorrainensis  Rued . 

X 

S.  intermedius  Rued . 

X 

X 

X 

Protoscolex  cf.  covingtonensis 
Ulrich . 

P.  giganteus  Rued . 

Cornulites  immaturus  Hall . 

X 

C.  progressus  Rued . . . .  . 

X 

Arthraria  magna  Rued . 

X 

X 

Arthrariella  lorrainensis  Rued.  .  .  . 

Lonchosaccus  uticanus  Rued . 

X 

Asteroidea 

Mesopalaeaster  (?)  lanceolatus . . . 

X 

Schuchert 
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Abbreviations:  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L  -  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
11  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NO. 

NAME 

Utica  shale 

|  Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

References  (page) 

6  7 
68 

Bryozoa 

Stomatopora  arachnoidea  Hall . .  . 

X 

X 

II,  86 

Corynotrypa  inflata  Hall . 

X 

II,  87 
II,  88 

69 

70 

C.  delicatula  (James) . 

X 

X 

Proboscina  sp.  cf.  frondosa  Nichol¬ 
son  . 

X 

II,  89 
II,  89 

II,  90 
II,  90 

II,  90 
I,  1 16 
II,  91 
II,  9i 
II,  92 
II,  92 
II,  92 

II,  92 
II,  94 
II,  95 
II,  95 
II,  96 

II,  96 

II,  96 
II,  97 
II,  97 
I,  116 

71 

Spatiopora  lineata  Ulrich 

var.  crassipuncta  Rued . 

X 

72 

var.  compacta  Rued . 

X 

73 

74 

75 

76 

77 

78 

79 

80 

Aspidopora  bellula  Ulrich  &  B.  MS 
A.  sp.  nov.  aff.  spinulosa  Ulr.  MS. . 

X 

X 

Prasopora  cf.  contigua  Ulr . 

X 

Peronopora  cf.  compressa  (Ulr) . .  . 

X 

Dekayella  ulrichi  (Nicholson) .... 

X 

Stigmatella  irregularis  Ulr . 

X 

X 

S.  subsphaerica  Rued . 

X 

S.  pulaskiensis  Rued . 

X 

81 

S.  sp.  nov . 

X 

82 

Atactopora  hirsuta  (Ulr.) . 

X 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

A.  maculata  (Ulr.) . 

X 

Leptotrypa  minima  (Ulr.) . 

X 

Bythopora  arctipora  (Ulr.) . 

X 

X 

B.  gracilis  (Nicholson) . 

X 

X 

B.  dendrina  (James) . 

X 

Eridotrypa  sp.  aff.  minor  Ulr.  MS. 

X 

Amplexopora  (?)  discoidea  (Nich.). 

X 

X 

II,  98 
II,  98 
II,  99 
II,  99 

II,  IOn 

A.  persimilis  Nickles . . 

X 

A.  cf.  petasiformis  (Nicholson) .... 

X 

Hallopora  onealli  (James) . 

X 

X 

Hallopora  onealli  (James)  var.  sig- 
illarioides  (Nich.) . 

X 

94 

95 

96 

97 

98 

99 

100 

101 

102 

H.  andrewsi  (Nicholson) . 

X 

II,  ioT 

Hemiphragma  bassleri  Rued . 

X 

tt  1 

II,  IOj 

II,  10. 

Arthrostylus  tenuis  (James) .  . 

X 

X 

Arthropora  cincinnatiensis  (James) 
A.  shaffer  i  (Meek) . 

X 

X 

II,  I02 
II,  10. 

X 

X 

A.  clevelandi  (James) . 

X 

II,  10? 

Escharopora  pavonia  (M.  E.  &  H.) 

T? TiiniHiVt.-wa  of  CTampd 

X 

X 

II,  10a 

X 

J  cL 

II,  10? 

Paleschara  beani  (James) . . 

X 

II,  io5 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (continued) 

Abbreviations:  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L  =  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
II  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NO. 

NAME 

Utica  shale 

Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

References  (page) 

103 

104 

105 

106 

Brachiopoda 

Leptobolus  insignis  (Hall) . 

X 

X 

II,  106 

var.  latus  Rued . . 

X 

II,  107 
II,  108 

Lingula  sp . . 

X 

L.  curta  Conrad . 

X 

II,  171 
II,  108 

107 

108 

L.  bisulcata  Ulrich . 

X 

L.  (Pseudoling.)  rectilateralis 

Emmons . 

X 

II,  109 
II,  no 

IO9 

no 

L.  progne  Billings . 

X 

X 

L.  cf.  procteri  Ulrich . 

X 

II,  in 

III 

Trematis  millepunctata  Hall . 

X 

II,  in 
II,  112 

1 12 

T.  crassipunctata  Ulrich . 

X 

113 

1 14 

115 

116 

T.  sp.  cf.  dyeri  Miller . . 

X 

II,  112 

Schizocrania  filosa  (Hall) . . 

Schizambon  minutus  Rued . 

X 

X 

X 

X 

II,  112 

II,  1 13 

II,  114 
II,  114 
II,  115 
II,  116 

Orbiculoidea  tenuistriata  Ulrich.  . 

X 

11 7 

118 

Crania  laelia  (Hall) . 

.... 

X 

X 

Pholidops  subtruncata  (Hall) . 

X 

119 

120 

P.  cincinnatiensis  Hall . 

X 

Dalmanella  cf.  testudinaria  Dalman 

X 

X 

X 

II,  116 

121 

D.  multisecta  (Meek) . 

X 

II,  117 

122 

D.  fultonensis  Foerste  lorrainensis 
Rued .  . . 

X 

II,  119 
II,  120 

123 

124 

125 

126 

D.  fultonensis  rotunda  Rued.  .  .  . 

X 

D.  cf.  emacerata  Hall . 

X 

II,  118 
II,  120 

Hebertella  occidentalis  (Hall) .... 

X 

Platystrophia  uniplicata  McEwan 
uticana  Rued. 

Glyptorthis  crispata  Emmons . 

X 

II,  120 

II,  121 

127 

128 

X 

X 

Dinorthis  pectinella  (Emmons) .  .  . 

X 

I,  54 
II,  123 
IT,  123 
II,  123 
II,  123 
II,  126 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

Plectambonites  sericeus  (Sowerby) 
P.  centricarinatus  Rued . 

X 

X 

P.  plicatellus  Ulrich . 

X 

P.  rugosus  (Meek) . 

X 

X 

Rafinesquina  alternata  (Emmons) . 

X 

X 

Rafinesquina  nasuta  (Conrad) .... 

X 

II,  126 

centristriata  Rued  1 . 

X 

II,  127 
II,  128 
II,  128 

Rafinesquina  alternistriata  (Hall) . . 

X 

R.  ulrichi  (James) . 

X 

X 

R.  mucronata  Foerste . 

X 

II,  129 

1  Erroneously  cited  asR.  alternata  centrilineata  in  part  1 . 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (continued) 

Abbreviations :  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L=  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
II  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NAME 

Utica  shale 

Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

Strophomena  cf .  planumbona  (Hall) 
Leptaena  richmondensis  Foerste.  . 

X 

X 

Orthorhynchula  linneyi  (James) .  . 
Camarotoechia  (?)  humilis  Rued.  . 

Zygospira  modesta  (Say) . 

X 

X 

(top) 

X 

X 

X 

X 

X 

Z.  concent rica  Ulrich . 

Z.  eineinnatiensis  Meek . 

Z.  (?)  erratica  (Hall) . 

X 

Pelecypoda 

Cuneamya  subquadrangularis  Rued 
C.  ovata  Rued.  MS . 

X 

X 

C.  sp.  aff.  neglecta  Meek . 

X 

C.  scapha  H.  &  W.  brevior  Foerste 
C.  elliptica  Miller . 

X 

X 

C.  parva  Miller . 

X 

Ctenodonta  nuculiformis  (Hall) .  . 
C.  pectunculoides  (Hall) . 

X 

(At) 

X 

C.  lorrainensis  Foerste . 

X 

C.  filistriata  Ulrich . 

X 

X 

G.  perminuta  Ulrich . 

Clidophorus  planulatus  (Conrad) . . 

X 

C.  scitulus  (Emmons) . .  . 

X 

Ischyrodonta  unionoides  (Meek) .  . 

X 

X 

Whitella  goniumbonata  Foerste.  . 

Pterin  ea  insueta  ( Emm  on  si .... 

X 

(At) 
D.  R. 

X 

mut.  bursa  Rued.  . | 

v . 

P.  (Caritodens)  demissa  (Conrad) . 

/ 

X 

P.  obtusiformis  Ulr.  MS . 

X 

X 

P.  sp.  I . 

Byssonychia  radiata  (Hall) . 

X 

B .  vera  Ulrich . 

X 

X 

var.  pluricosta  Rued . 

B.  praecursa  Ulrich . 

X 

B.  hyacinthensis  Foerste  . 

X 

Psilonychia  sp .  .  . 

X 

X 

X 

X 

Modiodesma  modiolare  (Conrad) . . 

var.  angustifrons  (Conrad) . .  . 

var.  brevius  Ulrich . 

NO. 


<D 

8 

o 

£ 

CD 

8 

«4H 

CD 

P4 


139 

140 
141 
142 

143 

144 

145 

146 


147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 


II,  I29 
II,  130 
II,  131 
II,  132 

II,  133 

II,  134 
II,  134 
II,  135 


III,  6 
1,104, 
109 
III,  7 
III,  9 
III,  8 
I/II9 
III  10 
III  11 
III  12 
III  14 
III  15 
III  16 
III  19 
III  19 
III  22 
III  23 

HI,  23 
HI,  23 
III,  26 
I,  9i, 

94,  99 
III,  27 
III,  29 

HI,  30 
HI,  30 
HI,  3i 
I,  104 

III,  32 
HI,  34 
HI,  34 


Erroneously  printed  Cymatonota. 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (continued) 

Abbreviations:  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L  =  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
11  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NO. 

NAME 

Utica  shale 

Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

References  (page) 

176 

177 

178 
170 

Modiolopsis  ovata  (Conrad)  1 . 

X 

HI,  34 
I,  116 
HI,  35 
I,  121 

M.  lorrainensis  Ulrich  MS. .....  . 

X 

M.  anodontoides  (Hall) . .  . 

X 

Modiolodon  obtusus  Rued.  MS .  .  . 

X 

180 

Prolobella  corrugata  Rued . 

X 

III,  38 
HI,  38 
I,  104 
I,  121 

181 

Orthodesma  pulaskiense  Foerste.  . 

X 

182 

0.  sp.  nov . 

X 

183 

184 

185 

186 

0.  transitum  Ulrich  MS . 

X 

0.  cf .  corryvillense  Ulrich . 

X 

I,  121 
I,  121 

0.  cf.  extensum  Ulrich  MS . 

X 

0.  posteroquadratum  Rued.  MS.  . 

X 

I,  107 
III,  40 
HI,  41 
III,  42 
I,  94 
I,  94 
I,  37 
I,  121 

HI,  44 
HI,  45 
III,  46 

III,  48 

III,  46 

I,  121 

187 

188 

Colpomya  faba  (E).  pusilla  Foerste 
Colpomya  intermedia  Rued . 

X 

X 

189 

190 

191 

192 

193 

194 

Whiteavesia  nasuta  (Conrad) .... 

X 

W.  subplana  Rued.  MS . 

X 

W.  foerstei  Rued.  MS . 

X 

W.  (?)  perstriata  Rued.  MS . 

X 

W.  sp.  nov . 

X 

Pholadomorpha  pholadiformis 
(Hall) . 

X 

195 

196 

197 

198 

199 

P.  nasuta  Ulrich  MS . 

X 

Cymatonota  parallela  (Hall) . 

X 

var.  intermedia  Rued . 

X 

C.  pholadis  (Conrad) . . . 

X 

C.  (?)  (Orthodesma)  prolatum 
Foerste . . . 

X 

200 

C.  sp.  nov . . . 

X 

I,  107 
III,  49 
I,  121 

201 

Psiloconcha  subovalis  Ulr . 

X 

202 

P.  acclivis  Ulr.  MS . 

X 

203 

204 

205 

206 

P.  sinuata  Ulrich . . 

X 

III,  49 
HI,  50 
III,  50 
HI,  51 
HI,  51 
HI,  52 
HI,  53 
HI,  54 
HI,  54 
HI,  55 
HI,  56 
III,  57 

Rhytimya  radiata  Ulrich . 

X 

R.  compressa  Ulrich . 

X 

R.  producta  Ulrich . 

X 

20  7 
208 

R.  plana  Rued2 . 

X 

R.  cancellata  Walcott . 

X 

X 

209 

210 

R.  obesa  Rued.  MS _ .......... 

X 

R.  sp . . 

X 

211 

Lyrodesma  planum  Conrad . 

X 

212 

L.  conradi  Ulrich . . . 

X 

213 

214 

L.  poststriatum  (Emmons) . 

X 

L.  cincinnatiense  Hall . 

X 

1  Cited  asM.  praecedens  Rued.  MS.  in  part  1,  p.  114. 

2  Wrongly  cited  in  part  i,p.  109,  asPsiloconcha  subovalis. 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (continued) 

Abbreviations:  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L=  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
11  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NO. 

NAME 

Utica  shale 

Indian  Ladder  shale] 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

References  (page) 

2  I  S 

Gasteropoda 

Archinacella  subcarinata  Rued. .  .  . 

X 

X 

III, 

58 

59 

60 

2l6 

A.  pulaslciensis  Foerste . 

(base) 

X 

III, 

HI, 

21 7 

218 

Cyrtolites  ornatus  (Conrad) . 

X 

Sinuites  planodorsatus  (Ulr.) . 

X 

III, 

61 

219 

220 

S.  cancellatus  (Hall) . 

X 

III, 

III, 

III, 

III, 

III, 

III, 

62 

S.  granistriatus  (Ulrich) . 

X 

63 

63 

64 

65 
65 

67 
b7 

68 

221 

Tetranota  rugosa  (Emmons) . 

X 

222 

Lophospira  bowdeni  (Safford) . 

X 

223 

224 

225 

226 

L.  cf.  bicincta  (Hall) . 

X 

L.  abbreviata  (Hall) . 

X 

X 

L.  lirata  Ulrich . 

X 

HI, 

III, 

Hormotoma  gracilis  (Hall)  sublaxa 
Ulr.  &  Sc. 

H.  salteri  Ulr . 

X 

X 

227 

228 

X 

III, 

Liospira  micula  (Hall) . 

X 

X 

hi! 

69 

70 
120 

229 

230 

231 

232 

233 

234 

235 

236 

237 

L.  vitruvia  (Billings) . 

X 

hi, 

L.  cf.  americana  (Billings) . 

X 

1, 

Seelya  sp.  nov . 

X 

III, 

III, 

III, 

III, 

70 

7 1 

72 

72 

73 

73 

74 
91 

74 

75 

76 

77 
77 
77 

77 

78 
80 

Plethospira  quadricarinata  Rued .  . 

X 

Eotomaria  sp.  cf.  canalifera  (Ulr.) 

X 

E.  pagoda,  nov1 . 

X 

Clathrospira  subconica  (Hall) .... 

X 

X 

III, 

III, 

C.  conica  Ulr.  &  Sc . 

X 

Eccyliomphalus  trentonensis 

(Conr.)  fimbriatus  Rued . 

X 

III, 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

E. sp .  . 

X 

I, 

Trochonema  (Eunema)  nitidum  Ulr. 

X 

III, 

Strophostylus  gregarius  Rued.  .  .  . 
Holopea  varicosa  Rued 

X 

X 

III, 

III, 

III, 

X 

Cyclora  minuta  Hall . 

X 

C.  parvula  Hall . 

X 

III, 

C.  cf.  pulcella  Miller. . . 

X 

III, 

III, 

III, 

III, 

I, 

Hyolithes  pumilus  Rued . 

1 

X 

Conularia  hudsoni  Emmons .  . 

?x 

C.  granulata  Hall 

X 

C.  papillata  Hall 

X 

37 

2zLQ 

Cephalopoda 

Endoceras  cf.  proteiforme  (Hall) .  . 
E.  lorrainense  Rued . 

X 

III, 

III, 

III, 

III, 

80 

2  SO 

X 

81 

251 

252 

E.  romanum  Rued 

X 

84 

84 

E.  (?)  coralliferum  (Hall)  Rued. . . 

X 

1  Erroneously  cited  as  Lophospira  tropidophora  (Meek)  in  part  I. 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (continued) 

Abbreviations:  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col.= 
Collingwood  shale.  L  =  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
11  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NO. 


Utica  shale 

1 

Is 

-S 

& 

3 

rG 

w 

rC 

w 

M-l 

3 

O 

1 

(D 

*3 

a 

H3 

a 

(■H 

1 

1 

« 

0 

•M 

CO 

jjjj 

co 

1 

3 

Ph 

E.  perannualatum  Rued . 

X 

Orthoceras  (?)  cf.  transversum 
Miller . . . 

X 

Geisonoceras  tenuistriatum  (Hall) . 
var.  frankfortense  Rued. .  .  | 

X 

(At) 
D.  R. 
X 

1  . 

X 

G.  amplicameratum  (Hall) . . 

/ 

G.  sp.  ind . . . 

X 

Cycloceras  persculptum  Rued . 

X 

Spyroceras  bilineatum  (Hall) . 

X 

Protokionoceras  oneidaense  (Wal¬ 
cott)  . . . . . 

X 

Trocholites  ammonius  (Conrad) 
Trocholites  ammonius  major  Rued 
Trocholites  angustiumbilicatus 

Rued . 

X 

X 

T.  planorbiformis  (Conrad) . 

X 

Actinoceras  crebriseptum  (Hall) .  . 

X 

Paractinoceras  lamellosum  (Hall) . . 

X 

X 

P.  (?)  pusillum  Rued . 

X 

Oncoceras  pupaeforme  Rued  .... 

X 

Trilobita 

Cryptolithus  cf .  tesselatus  Green .  . 

X 

C.  bellulus  Ulrich . . . 

X 

X 

X 

C.  lorrainensis  Rued . 

X 

Triarthrus  eatoni  (Hall)  Rued .... 

T.  spinosus  Billings. . . 

X 

X 

X 

(At) 

X 

T.  huguiensis  Foerste . 

X 

Ogygites  latimarginatus  (Hall) .... 
Homotelus  stegops  (Green) . 

X 

f  Col. 
IX 

X 

Isotelus  pulaskiensis  Ulr.  MS . 

/ 

X 

I.  spurlocki  (Meek) . 

X 

Gerasaphes  ulrichana  Clarke . 

X 

Proetus  beech eri  Rued . 

X 

Odontopleura  crosota  (Locke) . 

X 

X 

0.  ceralepta  (Anthony) . 

X 

Calymene  meeki  Foerste . 

X 

X 

C.  granulosa  Foerste . 

X 

Pterygometopus  cf.  callicephalus 
(Hall) . . . 

X 

Aparchites  minutissimus  (Hall) .  .  . 

X 

X 

X 

X 

253 

254 

255 

256 

257 

258 

259 

260 
261 

262 

263 

264 

265 

266 

267 

268 


269 

270 
271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 


III,  86 

III,  87 
III,  88 

III,  89 

III,  90 
III,  92 
III,  92 

HI,  92 

III  93 

III,  94 

III,  97 
III,  98 
III,  100 
III,  102 
III,  103 
III,  104 


I,  105 

III,  106 
III,  107 
III,  H9 

III,  121 
HI,  123 
III,  124 

III,  126 
III,  128 
I,  94 
I,  120 
III,  128 
III,  130 
III,  131 
III,  136 
III,  136 

III,  137 
HI,  138 
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List  of  Species  and  Varieties  of  Utica  and  Lorraine  Formations 
of  New  York  (concluded) 

Abbreviations:  D.  R.=  Deer  River  shale.  At  =  Atwater  Creek  shale.  Col .= 
Collingwood  shale.  L=  Lorraine  beds  in  general.  I  =  Part  I  (Bulletin  258), 
II  =  Part  II  (Bulletin  262),  III  =  Part  III  (Bulletin  272). 


NAME 

Utica  shale 

Indian  Ladder  shale 

Frankfort  shale 

Whetstone  Gulf  shale 

Pulaski  shale 

Primitiella  unicornis  (Ulr.) . 

X 

X 

X 

X 

X 

Primit.ia  ran  trails  fUlr.l . 

P.  rudis  (Ulr.) . 1 . 

X 

P.  sp.  cf.  cincinnatiensis  (Miller) .  . 

Jonesella  pedigera  (Ulr.) . 

Bollia  uticana  Rued . 

X 

B.  pulchra  Rued . 

X 

B.  sp.  aff.  pulchra  Rued . 

X 

Ceratopsis  oculifera  (Hall) . 

X 

C.  chambersi  (Miller) . 

X 

Dilobella  lorrainensis  Rued . 

X 

X 

X 

X 

Bythocypris  cylindrica  (Hall) . 

X 

Elpe  radiata  Ulrich . 

(D.R.) 

X 

Cirripedia 

Lepidocoleus  jamesi  (H.  &  W.) .... 

X 

Eobalanus  informans  Rued . .  . 

X 

Eopollicipes  sp . 

X 

Phyllocarida 

Ceratiocaris  (Limnocaris)  timida 
Rued . 

X 

C.  sp . 

X 

Merostomata 

Echinognathus  clevelandi  Walcott. 
Stylonurus  sp . 

X 

X 

Eurypterus  (?)  rusti  Rued . 

X 

X 

X 

X 

X 

Dolichopteru  insolitus  Rued . 

Eusarcus  breviceps  Rued. . 

Hughmilleria  uticana  Rued . 

Pterypotus  walcotti  Rued  . 

NO. 


<L> 

txo 

o5 

& 

in 

QJ 

CJ 

s 

jo 

M— I 

<U 

PH 


287 

288 
289 
290 
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Cuneamya  subquadrangularis  nov. 

Page  6 

Figures  i  and  2  Holotype.  Mold  and  natural  cast.  Natural  size.  Upper 
Utica  shale.  Holland  Patent,  N.  Y. 

Cuneamya  aff.  neglecta  (Meek) 

Page  7 

Figure  3  Hall’s  type  of  Modiolopsis  anodontoides  (Palaeontology  of  New  York, 
volume  1,  plate  82,  figure  3).  Flattened  specimen  X2.  Whetstone  Gulf  shale, 
Rodman,  Jefferson  county,  N.  Y. 

Figure  4  Large  specimen.  Natural  size;  from  squeeze.  Pulaski  shale,  Worth- 
ville,  N.  Y. 

Cuneamya  elliptica  Miller 
Page  8 

Figure  5  Somewhat  flattened  specimen.  Natural  size.  Pulaski  shale,  Worth- 
ville,  N.  Y. 

Cuneamya  scapha  H.  &  W. 
cf.  mut.  brevior  Foerste 
Page  9 

Figure  6  Specimen  slightly  compressed  obliquely.  Natural  size.  Pulaski 
shale,  Lorraine,  N.  Y. 

Figure  7  Another  specimen,  folded  upon  itself,  retaining  hinge-line.  Natural 
size.  Pulaski  shale,  Lorraine,  N.  Y. 

Ctenodonta  pectunculoides  (Hall) 

Page  u 

Figure  8  Two  valves  of  one  individual,  X2.  Whetstone  Gulf  shale,  station  9  of 
Whetstone  gulf  section. 

Figure  9  Valve  showing  well  the  cardinal  margins  and  growth  lines,  X3.  Whet¬ 
stone  Gulf  shale,  station  9  of  Whetstone  gulf  section. 

Figure  10  Average  specimen,  X2.  From  station  10  to  n  of  Whetstone  gulf 
section. 

Figure  11  Specimen  in  which  the  cardinal  teeth  are  seen,  X2.  Pulaski  shale, 
Worthville,  N.  Y. 

Figure  12  Hinge,  X5.  Lorraine  beds  (Whetstone  Gulf  shale).  Near  Rome, 
N.  Y. 

Ctenodonta  filistriata  Ulrich 

Page  14 

Figure  13  Characteristic  specimen.  Natural  size.  Whetstone  Gulf  shale, 
station  1  of  Wood  creek  section,  near  Rome,  N.  Y. 

Figure  14  Series  of  specimens  showing  somewhat  different  outlines.  Natural 
size.  From  Whetstone  Gulf  shale,  near  Rome,  N.  Y. 

The  originals  of  figures  1,  2  -and  -15-  are  in  the  United  States  National  Museum; 
the  others  are  in  the  New  York  State  Museum. 
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Ischyrodonta  unionoides  (Meek) 

Page  19 

Figure  1  Typical  specimen,  right  valve,  showing  muscle  impressions  (also  pedal 
muscle)  Natural  size.  Lorraine  (Pulaski)  drift,  near  Trenton,  N.  Y. 

Figure  2  Left  valve;  shows  muscle  impressions  and  mantle  line.  Natural  size. 
Lorraine  (Pulaski)  drift,  near  Trenton,  N.  Y. 

Figure  3  Valve  retaining  more  distinctly  external  features.  Natural  size. 
Lorraine  (Pulaski)  drift,  near  Trenton,  N.  Y. 

Pterinea  insueta  (Emmons) 

Page  23 

Figure  4  Holotype  of  mutation  bursa.  Deer  River  shale,  Whetstone  gulf, 
Lewis  county,  N.  Y. 

Figure  5  Undescribed  mutation  of  the  species  from  the  upper  Utica  shale  at 
Holland  Patent.  Natural  size. 

Pterinea  obtusiformis  UlrichMS. 

Page  26 

Figure  6  A  characteristic  valve  identified  by  Doctor  Ulrich.  Natural  size. 
Whetstone  Gulf  shale,  Wood  creek  section,  station  1. 

Pterinea  (Caritodens)  demissa  Conrad 
Page  23 

Figures  7  and  8  Left  valves,  showing  the  muscle  scars.  Natural  size.  Lorraine 
(Pulaski)  drift,  near  Trenton,  N.  Y. 

Figure  9  Younger  individual,  showing  different  outline,  surface  sculpture, 
muscle  scars  and  pallial  line.  Natural  size.  Lorraine  (Pulaski)  drift  from  towns 
of  Trenton  and  Russia,  N.  Y. 

Figure  10  Type  of  Emmons’  figure  (2d  Dist  Rep’t,  1842,  fig.  113).  Natural 
size.  Lorraine  beds,  Jefferson  county,  N.  Y. 

Figure  n  A  broader  valve  showing  well  the  growth  lines;  from  squeeze. 
Natural  size.  Lorraine  (Pulaski)  drift  near  Trenton,  N.  Y. 

The  originals  of  the  figures  are  in  the  New  York  State  Museum. 
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Byssonychia  radiata  (Hall) 1 
Page  27 

Figure  1  Right  valve,  natural  size,  showing  strong  posterior  lateral  teeth, 
posterior  adductor  muscle  and  pallial  lines. 

Figures  2  and  3  Rostral  portions  of  the  left  and  right  valves,  X5,  showing  the 
cardinal  teeth. 

All  specimens  are  from  the  Lorraine  (Pulaski)  drift  near  Trenton,  N.  Y. 

Byssonychia  vera  Ulrich 
Page  29 

Figure  4  Large  typical  left  valve  identified  by  Doctor  Ulrich.  Natural  size. 
Whetstone  Gulf  shale,  station  15  of  Lorraine  gulf  section. 

Figure  5  Right  valve  with  55  ribs.  Natural  size.  Whetstone  Gulf  shale, 
station  1 8  of  Lorraine  gulf  section. 

Figure  6  Hinge-line  of  specimen  with  56  ribs.  Natural  size. 

Figure  7  Smaller  left  valve  with  55  ribs.  Natural  size.  Whetstone  Gulf 
shale,  station  11  of  Whetstone  Gulf  section. 

Byssonychia  vera  Ulrich 
var.  pluricosta  nov. 

Page  30 

Figure  8  Type  specimen,  natural  size,  with  65  ribs.  Whetstone  Gulf  shale, 
station  3  of  Wood  Creek  section. 

Byssonychia  hyacinthensis  Foerste 
Page  31 

Figure  9  Right  valve.  Natural  size.  Whetstone  Gulf  shale,  station  11  of 
Whetstone  gulf  section. 

Prolobella  corrugata  nov. 

Page  38 

Figure  10  Paratype  X4.  Whetstone  Gulf  formation  near  Rome,  N.  Y. 

Figure  11  Type  specimen  (holotype)  X4.  Whetstone  Gulf  formation  near 
Rome,  N.  Y. 

Figure  12  A  specimen  from  the  Upper  Utica  shale  at  Holland  Patent,  X2. 

The  originals  are  in  the  New  York  State  Mhseum. 

1  See  also  Part  I  (N.  Y.  State  Museum  Bulletin  258)  plate  facing  page  130 
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Figure  i  A  typical  Lorraine  (Pulaski)  slab  with  Modiolopsis  ovata  (Conrad) 
on  the  left,  and  Modiodesma  modiolare  (Conrad) 1  on  the  upper  right.  Natural 
size.  Pulaski  sandstone,  Oswego  county,  N.  Y. 

The  slab  is  on  exhibition  in  the  N.  Y.  State  Museum. 


1  See  also  part  I  (New  York  State  Museum  Bui.  258)  plate  facing  page  130. 
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Modiolopsis  anodontoides  Hall 

Page  35 

Figure  i  Conrad’s  and  Hall’s  type.  Natural  size.  Lorraine  (Pulaski)  sand¬ 
stone,  Lorraine,  N.  Y. 

Orthodesma  pulaskiense  Foerste 
Page  38 

Figure  2  Right  valve.  Natural  size.  Pulaski  sandstone.  Drift  near  Trenton, 
N.  Y. 

Whiteavesia  nasuta  (Conrad) 

Page  42 

Figures  3  and  4  Two  left  valves  showing  slightly  different  outlines  and  the 
muscle  scars.  Natural  size.  Pulaski  sandstone.  Talcott’s  quarry  near  Rome, 
N.  Y. 

Figures  5  and  6  Two  left  valves  of  characteristic  outline  and  showing  the  sur¬ 
face  sculpture  as  well  as  the  muscle  scars.  Natural  size.  Pulaski  sandstone. 
Drift  near  Trenton,  N.  Y. 

Pholadomorpha  nasuta  Ulrich  MS. 

Page  45 

Figure  7  Holotype.  Natural  size.  Upper  Pulaski  sandstone,  station  28,  of 
Lorraine  gulf  section. 

Figure  8  A  larger  specimen  not  typical  and  doubtfully  referred  here.  Natural 
size.  Upper  Pulaski  sandstone,  station  28  of  Lorraine  gulf  section. 

Colpomya  faba  (Emmons)  mut.  intermedia  nov. 

Page  4i 

Figure  9  Holotype.  x  2.  Whetstone  gulf  shale,  station  17  of  Lorraine  gulf 
section. 

All  the  originals  are  in  the  New  York  State  Museum. 
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Cymatonota  parallela  (Hall) 

Page  46 

Figure  1  A  compressed  specimen  corresponding  in  outline  toC.  pholadis 
(Conrad).  Natural  size.  Pulaski  sandstone.  Drift  near  Trenton,  N.  Y. 

Figure  2  A  similar  specimen  from  Pulaski  sandstone  at  Martinsburg.  Natural 
size. 

Cymatonota  parallela  (Hall)  mut.  intermedia  nov. 

Page  48 

Figure  3  Right  valve  of  young  individual,  X2.  From  squeeze  Whetstone 
Gulf  formation  near  Rome,  N.  Y. 

Figure  4  Right  valve  showing  muscle  scars.  Natural  size.  Whetstone  Gulf 
formation,  near  Rome,  N.  Y. 

Figure  5  Left  valve.  Natural  size.  Whetstone  Gulf  shale,  station  8  of  Wood 
creek  section. 

Psiloconcha  subovalis  Ulrich 
Page  49 

Figure  6  Right  valve.  Natural  size.  Base  of  Pulaski  beds.  Station  22a 
of  Lorraine  gulf  section. 

Rhytimya  compressa  Ulrich 
Page  50 

Figure  7  Right  valve.  Natural  size.  Base  of  Pulaski  beds,  station  22a  of 
Lorraine  gulf  section. 

Figure  8  Surface  sculpture,  X5.  Base  of  Pulaski  beds,  station  22a  of  Lorraine 
gulf  section. 

Rhytimya  radiata  Ulrich 

Page  50 

Figure  9  Two  typical  valves.  Natural  size.  Whetstone  Gulf  shale,  station  7 
of  Whetstone  gulf  section. 

Rhytimya  producta  Ulrich 
Page  si 

Figure  10  Right  valve.  Natural  size.  Pulaski  sandstone  of  the  Lorraine 
gorge. 

Figure  11  Smaller  complete  right  valve  X3.  Pulaski  shale,  station  14  of  Whet¬ 
stone  Gulf  section. 

Rhytimya  sp. 

Page  54 

Figure  12  Left  valve  of  specimen;  probably  a  new  species.  Natural  size. 
Base  of  Pulaski  beds,  station  22 a  of  Lorraine  Gulf  section. 


Rhytimya  plana  nov. 
Page  Si 


Figure  13  Holotype, 

Lorraine  Gulf  section, 


Natural  size.  Basal  Pulaski  beds,  station  22a 
[180I 
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G.  S.  B.  del.  et  E.  S.  photo. 


Clidophorus  scitulus  Emmons 

Page  19 

Figures  14  and  15  Two  right  valves  showing  slightly  different  expressions,  X2. 
Whetstone  Gulf  shale. 

Original  of  figure  14  from  station  17  of  Lorraine  gulf  section;  that  of  figure 
15  from  station  9  of  the  Wood  creek  section. 

Figure  16  Characteristic  specimen.  Natural  size.  Whetstone  Gulf  shale, 
station  8  of  Wood  creek  section. 

Figures  17  and  18.  Hinge-lines  to  show  the  posterior  teeth  of  the  right  and 
left  valves;  figure  17,  X4;  figure  18,  X5.  Whetstone  Gulf  shale  near  Rome,  N.  Y. 
All  the  originals  are  in  the  New  York  State  Museum. 
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Figure  i  Typical  specimen,  X2,  to  show  the  surface  sculpture.  Figured  from 
squeeze.  Whetstone  Gulf  shale,  station  9  of  Wood  creek  section. 

Figure  2  Right  valve.  Natural  size.  Whetstone  Gulf  shale,  station  8  of  Wood 
creek  section. 

Figure  3  Right  valve  of  young  individual,  X2.  Whetstone  Gulf  shale,  station  4 
of  Wood  creek  section. 

Figure  4  Specimen  with  slightly  different  outline.  Natural  size.  Whetstone 
Gulf  shale,  station  8  of  Wood  creek  section. 

Lyrodesma  cf.  planum  Conrad 
Page  54 

Figure  5  Specimen  probably  referable  to  this  species.  Natural  size.  Pulaski 
beds,  station  25  of  Lorraine  gulf  section. 

Figure  5a  Enlargement  (xs)  of  surface  of  same. 

Lyrodesma  poststriatum  (Emmons)  Hall 
Page  56 

Figures  6  and  7  Typical  left  and  right  valves.  Natural  size.  From  squeezes. 
Top  of  Pulaski  sandstone  at  Pulaski,  N.  Y. 

Figure  8  Cast  of  interior,  showing  two  pairs  of  pedal  muscles.  Natural  size. 

Figure  9  Cast  of  interior,  showing  the  adductor  muscles  and  pallial  line. 
Natural  size. 

Figure  10  Hinge  X3. 

The  originals  of  figures  8  to  10  are  from  the  Pulaski  sandstone  drift  near  Tren¬ 
ton,  N.  Y. 

Lyrodesma  cincinnatiense  Hall 

Page  57 

Figures  1 1  and  12  Two  right  valves  of  characteristic  expression,  x2.  Whetstone 
Gulf  shale,  station  210  of  Lorraine  gulf  section. 

Figure  13  Left  valve  showing  anterior  adductor  muscle,  X2.  Whetstone 
Gulf  shale,  station  21a  of  Lorraine  gulf  section. 

Figure  14  Case  of  interior  of  left  valve,  X2,  showing  impressions  of  teeth.  Base 
of  Pulaski  beds,  station  22a  of  Lorraine  gulf  section. 

Figure  15  Enlargement  (xs)  of  cast  of  rostral  portion  of  the  preceding. 

Figure  16  Rostral  portion  enlarged,  X3.  From  squeeze.  Pulaski  sandstone 
drift  near  Trenton,  N.  Y. 

The  originals  of  all  specimens  are  in  the  N.  Y.  State  Museum. 
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Archinacella  subcarinata  nov. 

Page  58 

Figure  i  Paratype,  X2.  Slightly  restored  on  right  side.  Whetstone  Gulf 
shale,  station  22  (locality  5066)  of  Lorraine  gulf  section. 

Figure  2  Holotype,  X2.  Whetstone  Gulf  shale,  station  9  of  Wood  creek  section. 

Cyrtolites  ornatus  (Conrad) 

Page  60 

Figure  3  A  characteristic  interior  cast,  the  common  occurrence  in  the  Lorraine 
drift.  Natural  size.  Drift  near  Trenton,  N.  Y. 

Figure  4  Piece  of  Lorraine  (Pulaski)  drift  exhibiting  lateral  and  dorsal  views 
of  typical  specimens.  The  former  with  aperture.  Natural  size.  Lorraine 
(Pulaski)  near  Trenton,  N.  Y. 

Sinuites  planodorsatus  (Ulrich) 

Page  61 

Figure  5  Dorsal  view  of  typical  specimen.  Natural  size.  Whetstone  Gulf 
shale,  station  1  of  Wood  creek  section. 

Sinuites  cancellatus  (Hall) 

Page  62 

Figure  6  Lateral  and  dorsal  views  of  two  large  specimens.  Natural  size. 
Pulaski  beds  near  Pulaski,  N.  Y. 

Sinuites  granistriatus  (Ulrich) 

Page  63 

Figure  7  Characteristic  specimen  compressed  obliquely.  Natural  size. 

Figure  ya  Enlargement  of  surface  of  same. 

Figure  8  Specimen  with  well-preserved  surface  sculpture,  X3.  Whetstone 
Gulf  shale,  near  Rome,  N.  Y. 

Tetranota  rugosa  (Emmons) 

Page  63 

Figure  9  Dorsal  view  of  specimen,  X2.  Whetstone  Gulf  shale,  station  17  of 
Lorraine  gulf  section. 

Lophospira  bowdeni  (Safford) 

Page  64 

Figure  10  Specimen  figured  in  natural  size;  from  squeeze.  Pulaski  beds  at 
Pulaski,  N.  Y. 

Lophospira  abbreviata  (Hall) 

Page  65 

Figure  11  Nearly  complete  specimen.  Natural  size.  Pulaski  drift,  Pulaski, 
N.  Y. 

Figure  12  Enlargement  (X3)  of  fragment  of  shell  to  show  the  character  of  the 
slit -band. 

Figure  13  Typical  specimen  from  Pulaski  drift  near  Trenton  Falls,  N,  Y.  See 
also  figure  4. 
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Lr.  b.  is.  et  K  K.  B.  del.;  E.  S.  photo. 


Hormotoma  gracilis  (Hall)  var.  sublaxa  Ulrich  &  Scofield 

Page  67 

Figure  14  Average  specimen  in  natural  size.  Pulaski  beds,  Lorraine  Gorge, 

N.  Y. 

Liospira  micula  (Hall) 
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Figure  15  Group  of  specimens.  Natural  size. 

Figure  16  Top  view  of  figure  15,  X3. 

Figure  17  Underside  of  another  specimen,  X4.  Pulaski  beds,  Pulaski,  N.  Y. 
Figure  18  Cast  of  interior  of  shell.  A  frequent  occurrence  in  the  Lorraine 
drift.  Natural  size.  Drift  near  Trenton,  N.  Y. 

Liospira  vitruvia  (Billings) 

Page  70 

Figure  19  Top  view  of  specimen.  Natural  size.  Whetstone  gulf  shale,  station 
10  of  Wood  creek  section. 

The  originals  of  the  figures  are  in  the  New  York  State  Museum,  with  the 
exception  of  those  of  figures  3,  4,  11  and  13,  which  are  in  the  United 
States  National  Museum. 
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Figure  1  Fragmentary  valve,  X2.  Whetstone  Gulf  shale,  station  1  of  Wood 
creek  section. 

Plethospira  quadricarinata  nov. 

Page  71 

Figure  2  Well  preserved  fragment  of  valve,  showing  the  four  carinations,  X3* 
Holotype.  Whetstone  Gulf  shale,  near  Rome,  N.  Y. 

Figure  3  Underside  of  specimen,  X2.  Paratype.  Whetstone  Gulf  shale, 
station  1  of  Wood  creek  section. 

Figure  4  Last  volution.  Natural  size.  Paratype.  Whetstone  Gulf  shale, 
station  9  of  Wood  creek  section. 

Figure  5  Specimen  retaining  two  volutions,  X2.  Paratype.  Frankfort  shale, 
1 1  miles  east  of  Rome,  N.  Y. 

Eotomaria  pagoda  nov. 

Page  72 

Figure  6  Holotype.  Natural  size. 

Figure  7  Paratype.  Natural  size. 

Figure  8  Paratype.  Specimen  retaining  more  perfect,  last  volution.  Natural 
size.  Pulaski  drift,  near  Trenton,  N.  Y. 

Clathrospira  conica  Ulrich  &  Scofield 

Page  73 

Figures  9  and  1 1  Two  specimens  of  slightly  different  contours,  showing  aperture* 
Natural  size.  Pulaski  beds  at  Pulaski,  N.  Y. 

Figure  10  Specimen  partly  broken  and  showing  the  columella  or  axis.  Natural 
size.  Pulaski  drift,  near  Trenton,  N.  Y. 

Eccyliomphalus  trentonensis  (Conrad)  mut.  fimbriatus  nov. 

Page  74 

Figure  12  Holotype.  Natural  size.  Surface  sculpture,  X5.  Whetstone  Gulf 
shale,  station  1  of  Wood  creek  section. 

Trochonema  (Eunema)  nitidum  (Ulrich) 

Page  74 

Figure  13  Last  whorl  of  a  specimen.  Natural  size.  Whetstone  Gulf  shale, 
near  Rome,  N.  Y. 

Figure  14  Compressed  specimen.  Natural  size.  From  station  12  of  Moose 
creek  section. 

Strophostylus  gregarius  nov. 

Page  75 

Figure  15  Group  of  type  specimens,  X5.  Upper  Utica  shale.  Holland  Patent, 
N.  Y. 

Holopea  varicosa  nov. 

Page  76 

Figures  16  and  17  Holotype,  X2,  and  natural  size.  Upper  Utica  shale,  at 
Holland  Patent,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum,  except  those  of  figures  5,  8, 
15,  16  and  17,  which  are  in  the  United  States  National  Museum. 
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Cyclora  minuta  Hall 
Page  77 

Figure  i  Specimen  from  Pulaski  drift  near  Trenton,  N.  Y.  x8. 

Figure  2  Specimen  from  base  of  Pulaski  beds,  station  22a  of  Lorraine  gulf 
section,  X15. 

Cyclora  cf .  pulcella  FfeTl  M  l  tier 

Page  77 

Figure  3  Shell,  X15.  Pulaski  beds,  station  22 a  of  Lorraine  gulf  section. 

Cyclora  parvula  Hall 
Page  77 

Figure  4  Specimen,  X15.  Pulaski  beds,  station  23  of  the  Lorraine  gulf  section. 

Hyolithes  pumilus  nov. 

Page  77 

Figure  5  Holotype,  X5.  Whetstone  Gulf  shale,  station  6  of  Whetstone  gulf 
section. 

Figure  6  Paratype,  X2.  Whetstone  Gulf  shale,  station  6  of  Lorraine  gulf 
section. 

Conularia  hudsoni  Emmons 
Page  78 

Figure  7  Specimen  from  Pulaski  beds  at  Pulaski.  Natural  size. 

Figure  8  Surface  sculpture,  X5. 

Conularia  trentonensis  Hall  mut.  latior  Ruedemann 
Page  79 

Figure  9  Paratype,  X2.  Collingwood  shale.  Collingwood,  Lake  Huron, 
Canada. 

Conularia  granulata  Hall 

Page  80 

Figure  10  Characteristic  specimen,  X3.  Upper  Utica  shale,  South  Trenton, 
N.  Y. 

Protokionoceras  oneidaense  Walcott 
(See  plate  16,  figure  1) 

Page  93 

Figure  11  Specimen  from  the  Utica  shale,  Oneida  county,  N.  Y.  Natural 
size. 

Geisonoceras  tenuistriatum  (Hall) 

(See  plate  11,  figure  2) 

Page  88 

Figure  12  Compressed  specimen  showing  the  surface  sculpture.  Natural  size. 
Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Figure  13  Section  of  specimen,  x2,  showing  character  of  siphuncle.  Canajoharie 
shale,  Schoharie  creek,  near  Fort  Hunter,  N.  Y. 

Figure  14  Uncompressed  specimen  showing  rate  of  growth  and  sutures. 
Natural  size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum,  except  those  of  figures  9,  10 
and  11,  which  are  in  the  United  States  National  Museum. 
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G.  S.  B.  del.;  E.  S.  et  J.  A.  G.  photo. 
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Geisonoceras  amplicameratum  (Hall) 

(See  plate  12,  figures  2  and  3) 

Page  90 

Figure  i  Conch  retaining  living  chamber  and  showing  sutures  and  septa,  the 
latter  as  shadows  produced  by  the  compression  of  the  shell.  Natural  size. 
Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Geisonoceras  tenuistriatum  (Hall) 

(See  plate  10,  figures  12-14) 

Page  88 

Figure  2  Compressed  conch  with  living  chamber  and  sutures.  Natural  size. 
Upper  Utica  shale,  Holland  Patent,  N.  Y. 

The  originals  are  in  the  N.  Y.  State  Museum. 
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mut.  frankfortense  nov. 
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Figure  1  Holotype  showing  curvature  of  shell,  living  chamber  and  septa. 
Natural  size.  Frankfort  shale,  Delta  dam  near  Rome,  N.  Y. 

Geisonoceras  amplicameratum  (Hall) 

(See  plate  11,  figure  1) 

Page  90 

Figure  2  Complete  living  chamber  and  last  camerae.  Natural  size. 

Figure  3  Young  conch,  showing  rate  of  growth  and  sutures.  Natural  size. 
Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Geisonoceras  sp.  nov. 

Page  92 

Figure  4  Compressed  conch.  Natural  size. 

Orthoceras  cf.  transversum  Miller 
Page  87 

Figure  5  Fragment  showing  the  sutures  and  surface  sculpture.  Natural  size. 
Whetstone  Gulf  formation,  station  1  of  Wood  creek  section. 

The  originals  are  in  the  New  York  State  Museum. 
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A.  De  C.  et  E.  K.  B.  del. 


Piate  13 
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Cycloceras  persculptum  nov. 

Page  92 

Figure  1  Holotype.  Natural  size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 


Spyroceras  bilineatum  (Hall) 

Page  92 

Figure  2  Compressed  conch  X2.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 
Figure  3  Surface,  X5. 

Actinoceras  crebriseptum  (Hall) 

(See  plate  14,  figures  1-4;  plate  16,  figure  7) 

Page  100 

Figure  4  Fragment  of  conch  showing  the  sutures,  septa  and  section  of  siphuncle. 
Natural  size. 

Figure  5  Fragment,  X2,  showing  details  of  siphuncle  with  filling  of  central 
canal.  Pulaski  beds  near  Pulaski,  N.  Y. 

Figure  6  Natural  section  of  fragment  of  young  conch,  showing  secondary 
deposits.  Natural  size. 

The  originals  are  in  the  New  York  State  Museum. 
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Plate  14 
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Actinoceras  crebriseptum  (Hall) 

(See  plate  13,  figures  4-6;  plate  16,  figure  7) 

Page  ioo 

Figure  i  The  common  appearance  of  the  fossil  in  the  Lorraine  drift,  with  the 
vacant  spaces  of  the  camerae  and  siphuncle  filled  by  the  matrix  and  the  shell 
itself  dissolved;  shows  endo-siphuncle  as  cylinder.  Natural  size.  Pulaski  drift 
near  Trenton,  N.  Y. 

Figure  2  Polished  section  of  young  conch  to  show  subspherical  segments  of 
siphuncle.  Natural  size.  Pulaski  beds  near  Pulaski,  N.  Y. 

Figure  3  Polished  section  of  portion  of  conch  showing  heart-shaped  section  of 
segments  and  short  funnels,  X2.  Pulaski  beds  near  Pulaski,  N.  Y. 

Figure  4  Young  slightly  compressed  conch  showing  the  rate  of  growth  and  the 
sutures.  Natural  size.  Pulaski  beds,  Lorraine  village,  N.  Y. 

Paractinoceras  lamellosum  (Hall) 

(See  plate  15,  figure  2) 
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Figure  5  Young  conch  showing  living  chamber  and  sutures.  Natural  size. 
Pulaski  drift,  Oneida  county,  N.  Y. 

Figure  6  Larger  specimen  showing  sutures  and  at  lower  end,  siphuncle  and 
septa.  Natural  size.  Pulaski  drift  near  Trenton,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum,  except  that  of  figure  5 
which  is  in  the  National  Museum. 
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Endoceras  perannulatum  nov. 

Page  86 

Figure  i  Holotype.  Compressed  specimen  showing  the  annulations,  rate  of 
growth,  surface  lines  and  septa;  all  compressed  into  one  plane.  Natural  size,  j 
Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Paractinoceras  lamellosum  (Hall) 

(See  plate  14,  figures  5  and  6) 
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Figure  2  Portion  of  interior  cast  of  mature  conch  retaining  part  of  living  cham-  j 
ber  and  the  sutures.  Natural  size.  Upper  Pulaski  beds,  Salmon  River  falls,  j 
Oneida  county,  N.  Y. 

The  originals  are  in  the  United  States  National  Museum. 
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Protokionoceras  oneidaense  (Walcott) 

(See  plate  10,  figure  1 1) 

Page  93 

Figure  i  Well-preserved  specimen,  X2.  Shows  sculpture  and  slight  curvature 
of  conch.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Oncoceras  pupaeforme  nov. 

(See  plate  19) 

Page  104 

Figure  2  Conch  of  immature  female.  Natural  size.  Upper  Utica  shale, 
Holland  Patent,  N.  Y.  Original  of  figure  6a,  page  69,  New  York  State  Museum 
Bulletin  227-28. 

Figure  3  Mature  female  with  living  chamber.  Natural  size.  Upper  Utica 
shale,  Holland  Patent,  N.  Y. 

Paractinoceras  (?)  pusillum  nov. 
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Figure  4  Paratype.  Natural  size.  Living  chamber  and  a  few  camerae. 
Pulaski  drift. 

Figure  5  Paratype.  View  of  septum  with  siphuncle  opening.  Natural  size. 

Figure  6  Holotype.  Mature  specimen  showing  living  chamber  and  sutures. 
Natural  size.  Compare  with  plate  14,  figure  5.  Lorraine  drift  near  Trenton, 
N.  Y. 

Actinoceras  crebriseptum  (Hall) 

(See  plate  13,  figures  4-6;  plate  14,  figures  1-4) 
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Figure  7  Very  young  conch.  Natural  size.  Whetstone  Gulf  shale,  Lorraine 
Gulf,  N.  Y. 

Trocholites  planorbiformis  (Hall) 

(See  plate  18,  figures  4  and  5) 
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Figure  8  Large  specimen  showing  nearly  complete  living  chamber.  Natural 
size.  Pulaski  drift,  Oneida  county,  N.  Y. 

The  originals  are  in  the  United  States  National  Museum,  except  that  of  figure 
8  which  is  in  the  New  York  State  Museum. 
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J.  A.  Glenn  photo 


Trocholites  ammonius  (Conrad)  var.  major  nov. 

(See  plate  18,  figures  1  and  2) 
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Figure  i  Typical  specimen  showing  living  chamber,  aperture  and  septa. 
Natural  size. 

Figure  2  Specimens  retaining  interior  volutions.  Natural  size. 

Figure  3  Fragment  of  large  individual  showing  first  volutions  and  early  sutures. 
Natural  size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Trocholites  ammonius  (Conrad) 

(See  plate  18,  figures  1-3) 

Page  94 

Figure  4  Young  conch  fully  retaining  surface  sculpture  and  sutures.  Natural 
size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Trocholites  ammonius  (Conrad)  var.  angustiumbilicatus  nov. 

(See  plate  18,  figure  3) 

Page  97 

Figure  5  Typical  specimen  retaining  living  chamber  and  aperture.  Natural 
size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

All  the  originals  are  in  the  New  York  State  Museum. 
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Trocholites  ammonius  (Conrad)  var.  major  nov. 

(See  plate  1 7,  figures  1-4) 

Page  97 

Figure  i  Large  compressed  specimen  retaining  all  volutions  and  surface  sculp¬ 
ture  (x5  in  figure  la  and  i  b). 

Figure  2  Living  chamber  and  portion  of  preceding  volution,  retaining  ribs. 
Natural  size.  Upper  Utica  shale.  Holland  Patent,  N.  Y. 

Trocholites  ammonius  (Conrad)  var.  angustiumbilicatus  nov. 

(See  plate  17,  figure  5) 

Page  97 

Figure  3  Well-preserved  specimen  showing  all  volutions  and  aperture.  Natural 
size.  Upper  Utica  shale.  Holland  Patent,  N.  Y. 

Trocholites  planorbiformis  (Conrad) 

(See  plate  16,  figure  8) 
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Figure  4  Finely  preserved  specimen  showing  external  aspect  of  all  volutions 
and  aperture.  Natural  size.  Drawn  from  squeeze.  Pulaski  beds,  Pulaski, 
N.  Y. 

Figure  5  Dorsal  view  showing  hyponomic  sinus  in  growth-lines,  Pulaski  beds, 
Turin,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum,  except  that  of  figure  2,  which 
is  in  the  United  States  National  Museum. 
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Oncoceras  pupaeforme  nov. 

(See  plate  16,  figures  2  and  3) 

Page  104 

Figures  1  and  2  Paratypes,  males,  compressed  in  different  directions. 

Figure  3  Holotype.  Mature  female. 

Figure  4  Paratype.  Conch  of  male  compressed  in  antero-posterior  direction. 

Figure  5  Paratype.  Female  showing  distinct  sutures  and  contracted  living 
chamber. 

Figure  6  Paratype,  female.  Camerate  part  sectioned  and  polished  to  show 
siphuncle. 

Figure  7  Paratype.  Anterior  position  of  conch  of  female  showing  living  cham¬ 
ber  and  curvature  of  sutures  in  lateral  view. 

Figure  8  Fragment  of  conch  of  female  retaining  surface  sculpture  and  living 
chamber. 

All  specimens  are  from  the  upper  Utica  shale  at  Holland  Patent,  N.  Y.  and 
are  drawn  in  natural  size.  The  originals  are  in  the  New  York  State  Museum. 
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Endoceras  lorrainense  nov. 

(See  text  figures) 

Page  8 i 

Figure  i  Paratype.  Lateral  view  of  camera  with  short  section  of  siphuncle. 
Natural  size. 

Figure  2  Paratype,  apical  end  of  siphuncle.  Natural  size.  Pulaski  drift, 
near  Trenton,  N.  Y. 

Isotelus  pulaskiensis  Ulrich  MS. 

Page  128 

Figure  3  Hypostoma.  Natural  size.  Pulaski  drift  near  Mansfield,  Tioga 
county,  Pa. 

Homotelus  stegops  (Green) 

(See  plate  22,  figures  1-9) 

Page  126 

Figure  4  Free  cheek,  X2.  Whetstone  Gulf  shale,  near  Rome,  N.  Y. 

Triarthrus  huguiensis  Foerste 

Page  123 

Figure  5  Well  preserved  cranidium,  x2. 

Figure  6  Well  preserved  cranidium,  X4,  less  flattened  than  the  preceding. 
Associated  with  other  characteristic  forms  of  the  micro-fauna  of  the  Whetstone 
Gulf  shale,  namely,  Zygospira  modesta  (Say),  Colpomya  inter¬ 
media  (Rued.)  and  Pterinea  sp.  nov.  1.  Whetstone  Gulf  shale,  station 
12  of  Mill  creek  section. 

Calymene  meeki  Foerste 
Page  133 

Figure  7  Characteristic  specimen.  Interior  cast  (Calymene  conradi 
Emmons).  Natural  size.  Pulaski  drift,  Oneida  county,  N.  Y. 

Figure  8  Cranidium,  X2.  Whetstone  Gulf  shale,  station  3  of  Wood  creek 
section. 

The  originals  are  in  the  New  York  State  Museum,  with  the  exception  of  those 
of  figures  1,  2  and  4,  which  are  in  the  United  States  National  Museum. 
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Cryptolithus  bellulus  (Ulrich)  i 
Page  106 

Figure  i  Top  view  of  characteristic  cranidium  X2.  Whetstone  Gulf  shale, 
station  i  of  Wood  creek  section. 

Figure  2  Side  view  of  cranidium,  X2. 

Figure  3  Well-preserved  cranidium,  X5,  to  show  details  of  sculpture. 
Whetstone  Gulf  shale,  near  Rome,  N.  Y. 

Cryptolithus  lorrainensis  nov. 

Page  107 

Figure  4  Holotype.  Natural  size.  One  thoracic  segment  shoved  under. 
Figure  5  Paratype.  Natural  size.  Specimen  showing  details  of  glabella  and 
brim.  Pulaski  beds,  Lorraine,  N.  Y. 

Cryptolithus  tesselatus  (Green) 

Page  107 

Figure  6  Enrolled  specimen  showing  relative  position  of  pygidium  and  brim. 
Snake  Hill  beds,  Snake  Hill,  Saratoga  Lake,  N.  Y. 

Triarthrus  eatoni  (Hall)  emend.  Ruedemann 


Page  119 

Figure  7  Typical  cranidium.  Natural  size.  Whetstone  Gulf  shale,  Tot  man 
gulf  near  Watertown,  N.  Y. 

Figure  8  A  typical  cranidium  from  the  Utica  shale.  Natural  size. 

Figure  9  Complete  specimen.  Natural  size.  Lower  Utica  shale,  Oxtungo 
creek  near  Fort  Plain,  N.  Y. 

Triarthrus  becki  Green,  emend.  Ruedemann 


Page  1 15 

Figure  10  Green’s  types.  Original  plaster  cast  sent  out  by  Doctor  Green. 
Natural  size.  From  Snake  Hill  shale  at  Cohoes,  N.  Y. 

Triarthrus  becki  Green 
Page  ns 

Figure  11  Typical  cranidia.  Natural  size.  Canajoharie  shale,  Lake  Cham¬ 
plain,  N.  Y.  (U.  S.  loc.  34538). 

Figure  12  Less  compressed  cranidia.  Natural  size.  Canajoharie  shale, 
Stony  Point  near  Rouses  Point,  N.  Y. 

Triarthrus  spinosus  Billings 

Page  1 21 

Figure  13  Specimen  retaining  genal  and  nuchal  spines  and  three  of  the  posterior 
thoracic  spines.  Natural  size. 

Figure  14  Specimen  retaining  also  part  of  pygidium.  Natural  size. 

Figure  15  Specimen  showing  distinctly  outline  of  cranidium.  Natural  size. 

Figure  16  First  of  the  thoracic  spines  with  its  segment.  Natural  size. 

All  four  specimens  are  from  the  upper  Utica  shale  at  Holland  Patent,  N.  Y. 

The  originals  of  the  figures  are  in  the  New  York  State  Museum,  with  the 
exception  of  those  of  figures  7,  9,  10  and  11,  which  are  in  the  United  States 
National  Museum. 

1  See  also  plate  facing  page  112  of  New  York  State  Museum  Bulletin  258. 
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Homotelus  stegops  (Green) 

(See  plate  20,  figure  4) 

Page  126 

Figure  1  Cranidium  of  very  young  individual,  X3.  Whetstone  Gulf  shale, 
station  8  of  Wood  creek  section. 

Figure  2  A  still  younger  species,  xio.  Utica-Frankfort  transition  beds. 
Holland  Patent,  N.  Y. 

Figure  3  Cranidium.  Natural  size.  Whetstone  Gulf  shale,  station  1  of  Wood 
creek  section. 

Figure  4  Pygidium  of  very  young  stage.  (Cf .  Proetus  spurlocki 
Meek)  X5.  Whetstone  Gulf  shale,  station  10  of  Wood  creek  section. 

Figure  5  Still  younger  pygidium  (Gerasaphes  ulrichi  Clarke)  X15. 
Whetstone  Gulf  shale,  near  Rome,  N.  Y. 

Figure  6  Pygidium  of  mature  specimen.  Natural  size.  Whetstone  Gulf  shale, 
station  1  of  Wood  creek  section. 

Figure  7  Fairly  complete  carapace.  Natural  size.  Utica-Frankfort  transition 
beds,  Holland  Patent,  N.  Y. 

Figure  8  Pygidium  of  the  spurlocki  -stage,  X5.  Whetstone  Gulf  shale 
near  Rome,  N.  Y. 

Figure  9  Characteristic  pygidium  of  mature  specimen.  Natural  size.  Whet¬ 
stone  Gulf  shale,  station  1  of  Wood  creek  section. 

Odontopleura  ceralepta  (Anthony) 

Page  13 1 

Figure  10  Well  preserved  carapace,  X5.  Whetstone  Gulf  shale  near  Rome, 
N.  Y. 

Odontopleura  crosota  (Locke) 

Page  130 

Figure  11  Cephalon,  X5.  Whetstone  Gulf  shale  near  Rome,  N.  Y. 

Proetus  beecheri  nov. 

Page  128 

Figure  12  Paratype.  Average  size  specimen,  X3. 

Figure  13  Holotype.  Younger,  better  preserved  individual,  X4. 

Figure  14  Cephalon  of  mature  specimen.  Paratype,  X4.  Frankfort  shale, 
Seven  Mile  creek  near  Rome,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum,  with  the  exception  of  those 
of  figures  12-14,  which  are  in  the  Yale  (Peabody)  Museum. 
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Aparchites  minutissimus  (Hall) 

Page  138 

Figure  1  Interior  cast  of  left  valve,  X15.  Whetstone  Gulf  shale,  station  6  of 
Lorraine  gulf  section. 

Figure  2  Left  valve,  X15.  Whetstone  Gulf  shale,  station  10  of  Wood  creek 
section. 

Primitia  rudis  Ulrich 

Page  139 

Figure  3  Typical  left  valve,  X15.  Whetstone  Gulf  shale,  station  9  of  Whetstone 
gulf  section. 

Figure  4  Another  specimen  of  slightly  different  outline,  X14.  Whetstone  Gulf 
shale,  station  7  of  Whetstone  gulf  section. 

Figure  5  Small  right  valve,  X15.  Whetstone  Gulf  shale,  station  4  of  Lorraine 
gulf  section. 

Primitiella  unicornis  (Ulrich) 

Page  137 

Figure  6  Characteristic  specimen  (right  valve)  X15.  Whetstone  Gulf  shale, 
station  6  of  Whetstone  gulf  section. 

Primitia  centralis  Ulrich 
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Figure  7  Right  valve,  X15.  Whetstone  Gulf  shale,  station  4  of  Lorraine  gulf 
section. 

Bollia  uticana  nov. 
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Figure  8  Holotype,  X15.  Figured  from  squeeze.  Upper  Utica  shale,  Holland 
Patent,  N.  Y. 

Bollia  pulchra  nov. 
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Figure  9  Holotype,  X15.  Whetstone  Gulf  shale,  Chimney  Point  near  Martins- 
burgh,  N.  Y. 

Figure  10  Paratype.  Right  valve,  X15.  Frankfort  shale  near  Rome,  N.  Y. 

Figure  1 1  Specimen,  right  valve,  X15.  Whetstone  Gulf  shale  near  Rome,  N.  Y. 

Figure  12  Right  valve,  X15.  Whetstone  Gulf  shale,  station  1  of  Wood  creek 
section. 

Jonesella  pedigera  Ulrich 

Page  140 

Figure  13  Well-preserved  right  valve,  X15. 

Figures  14  and  15  Two  right  valves  showing  somewhat  different  characters 
(figure  14  x  15;  figure  15x16).  Whetstone  Gulf  shale,  station  6  of  Lorraine  gulf 
section. 

Elpe  radiata  Ulrich 

Page  144 

Figure  16  Specimen  showing  characteristic  sculpture,  X15.  Deer  River  shale. 
Allendale  bridge  at  mouth  of  Lorraine  gulf. 
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Ceratopsis  oculifera  (Hall) 

Page  143 

Figure  17  Well-preserved  left  valve,  X15. 

Figure  18  Right  valve,  xi6. 

Figure  19  Right  valve  with  stronger  lobes,  X15. 

Figure  20  Left  valve  showing  character  of  margin,  X25.  Pulaski  beds  near 
Pulaski,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum. 
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Eobalanus  mfommns  Ruedemann 
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Figure  1  Paratype.  Natural  size. 

Figure  2  Holotype  and  paratype.  Natural  size. 

Figure  3  Holotype,  X5. 

Figure  4  Paratype.  Shown  in  figure  2,  X5.  Upper  Utica  shale,  Holland 
Patent,  N.  Y. 

The  original  of  figure  1  is  in  the  United  States  National  Museum;  those  of  the 
others  are  in  the  New  York  State  Museum. 

[  216] 


Bulletin  272 


Barkentin  del. 


Lepidocoleus  jam  e si  (Hall  and  Whitfield) 

Page  14s 

Figures  1  and  2  Plates  from  the  basal  Pulaski  beds  (station  22  of  the  Lorraine 
gulf  section).  Figure  1  X15;  figure  2  xio. 

Figure  3  Plate,  xi8.  Whetstone  Gulf  shale,  station  1  of  Wood  creek  section. 

Ceratiocaris  timida  nov. 

Page  147 

Figure  4  Single  group  of  specimens  known,  preserved  in  the  paragaster  of  a 
sponge.  Natural  size.  The  largest  individual  is  the  holotype.  Upper  Utica 
shale,  Holland  Patent,  N.  Y. 

The  originals  of  the  first  three  figures  are  in  the  New  York  State  Museum, 
that  of  figure  4  is  in  the  United  States  National  Museum. 
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Dolichopterus  insolitus  nov. 
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Figure  1  Holotype.  Natural  size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Eusarcus  breviceps  nov. 
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Figure  2  Holotype.  Natural  size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Hughmilleria  uticana  nov. 

Page  153 

Figure  3  Holotype.  Natural  size.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 

Stylonurus  sp. 

Page  150 

Figure  4  Leg  segment.  Natural  size.  Whetstone  Gulf  shale  near  Rome,  N.  Y. 

Echinognathus  clevelandi  (Walcott) 

Page  149 

Figure  5  Patch  of  marginal  integument  showing  surface  sculpture.  Upper 
Utica  shale,  Holland  Patent,  N.  Y. 

Ceratiocaris  sp. 

Page  1 48 

Figure  6  Group  of  telson-spines  of  an  undescribed  species.  Natural  size. 
Whetstone  Gulf  shale  near  Rome,  N.  Y. 

The  originals  are  in  the  New  York  State  Museum,  with  the  exception  of  that 
of  figure  3,  which  is  in  the  United  States  National  Museum. 
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Holotype,  Natural  size. 

Eurypterus  rusti  nov. 

Page  iso 

The  specimen  in  upper  part  of  group. 

Pterygotus  walcotti  nov. 

Page  154 

Lower  part.  Holotype.  Upper  Utica  shale,  Holland  Patent,  N.  Y. 
The  original  is  in  the  United  States  National  Museum. 
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J.  A.  Glenn  photo. 


If  A  drawing  of  the  group  shown  on  preceding  plate  from  gelatine  tracings  by 
the  author,  to  show  more  clearly  the  different  remains. 
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INTRODUCTION 

In  this  bulletin  is  contained  an  account  of  the  useful  mineral 
deposits  of  the  State  of  New  York,  their  locations,  their  character 
and  tables  of  production  with  lists  of  mine  and  quarry  operators. 
It  supplements  the  earlier  report  on  The  Mineral  Resources  of  the 
State  of  New  York  by  D.  H.  Newland,  also  published  by  the  State 
Museum  (Bui.  223-24,  1921,  p.  1-3 15). 

The  mineral  production  of  New  York  State  in  1924  amounted 
to  $96,395,492,  the  largest  value  ever  recorded.  This  is  an  increase 
of  more  than  six  million  dollars  over  the  value  reported  for  1923 
and  twenty-three  million  above  the  1922  production. 

In  the  table  showing  the  mineral  production  since  1904,  it  will 
be  seen  that  the  value  of  mineral  production  in  the  State  has  increased 
from  $28,812,595  in  1904  to  considerably  more  than  three  times  that 
amount  in  1924,  and  that  the  total  value  of  mineral  products  from 
1904-24  exceeds  one  billion  dollars.  The  increased  values  for  the 
last  few  years  are,  of  course,  in  part  due  to  higher  prices  for  most 
quarry  materials.  Many  minerals,  however,  have  been  produced  in 
larger  amounts  than  ever  before,  and  in  order  that  a  comparison  may 
be  had  between  quantities  and  values,  the  following  comparative 
statements  are  of  interest. 
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Cement 

In  1924  the  output  of  portland  cement  amounted  to  7,435,875 
barrels  valued  at  $13,460,594.  In  1923  the  output  was  6,853,0 62 
barrels  with  a  value  of  $12,834,471.  The  enormous  growth  of  the 
portland  cement  industry  is  shown  by  the  fact  that  in  1912  the  output 
amounted  to  but  4,495,842  barrels.  In  1902  the  production  was 
slightly  more  than  1,000,000  barrels,  and  in  1890  but  65,000  barrels. 
Natural  cement,  on  the  other  hand,  has  shown  a  steady  decline  from  a 
maximum  production  of  over  4,000,000  barrels  in  1899  until  at 
present  the  production  amounts  to  but  a  few  thousand  barrels.  A 
natural  cement  plant  now  under  construction  in  Erie  County  will 
no  doubt,  materially  increase  the  annual  output  of  natural  cement. 

Clay  Products 

The  total  number  of  common  building  brick  produced  in  1924 
amounted  to  1 ,029,667,000  valued  at  $13,683,606.  These  totals 
represent  a  slight  increase  in  quantity,  but  a  decrease  in  value  over 
those  for  1923.  The  year  1924  is  the  first  since  1913  when  a  produc¬ 
tion  of  more  than  1,000,000,000  brick  was  recorded.  As  an  industry 
brickmaking  has  shown  a  slight  decrease  during  the  past  20  years 
despite  the  fact  that  in  point  of  value  its  annual  total  has  nearly 
doubled  since  1904. 

For  other  clay  wares  exclusive  of  pottery,  such  as  terra  cotta,  tile 
and  sewer  pipe,  the  value  in  1924  amounted  to  $3,678,564,  as  against 
a  value  of  $4,468,045  in  the  previous  year.  This  indicates  a  decided 
loss  in  output,  but  as  the  quantities  of  the  various  materials  are 
measured  in  different  units,  these  can  not  be  stated  without  consider¬ 
able  detail. 

The  value  of  pottery  in  1924  was  $8,421,523,  an  increase  of  more 
than  $2,000,000  over  the  preceding  year.  Twenty  years  ago  the 
pottery  output  amounted  to  about  one  and  one-half  million  dollars. 

Garnet 

The  production  of  garnet  has  shown  a  substantial  increase  during 
the  past  20  years.  The  1924  production  was  7428  tons  with  a  value 
of  $623,472.  The  highest  production  ever  made  was  in  1923  when 
7662  tons  were  produced  with  a  value  of  $583,190. 

Gypsum 

There  has  been  a  remarkable  growth  of  the  gypsum  industry  in 
recent  years.  In  1924  the  number  of  tons  mined  amounted  to 
1,474,491  with  a  value  of  $14,329,246.  In  1923  the  mine  output 
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amounted  to  1,361,11 6  tons  valued  at  $10,344,745.  In  1904  the 
mine  production  was  but  151,455  tons  valued  at  $424,975. 

Iron  Ore 

Depression  in  the  iron  ore  industry  has  been  most  marked  during 
the  past  three  or  four  years  and  several  of  the  largest  producing 
mines  have  been  closed  at  various  times.  The  data  given  represent 
shipments  rather  than  actual  amount  of  ore  mined,  as  considerable 
stocks  were  held  over  from  year  to  year.  Shipments  in  1924  were 
reported  as  316,352  long  tons;  in  1923,  734,945  long  tons;  in  1922, 
205,964  long  tons;  in  1921,  176,813  long  tons;  in  1920,  972,909  long 
tons. 

Mineral  Waters 

The  production  of  mineral  waters  during  the  past  three  years  has 
amounted  to  more  than  six  and  one-half  million  gallons  annually 
with  a  value  of  a  little  more  than  $800,000  yearly.  The  industry 
has  actually  registered  a  loss  over  a  period  of  years. 

Natural  Gas 

The  production  of  natural  gas  in  New  York  reached  its  peak  in 
the  year  1914  after  having  shown  a  steady  annual  increase  for  18  years, 
I^97”I9I4*  Since  then  production  has  gradually  decreased  from 
8,714,681  M  cubic  feet  in  1914  to  6,196,000  M  cubic  feet  in  1924. 
In  all  probability  additional  supplies  will  become  available  as  more 
extensive  drilling  is  carried  on,  and  no  doubt  some  new  pools  will  be 
found.  Only  by  finding  new  supplies  can  production  be  maintained 
at  anywhere  near  the  present  volume. 

Petroleum 

In  view  of  the  fact  that  there  have  been  no  new  oil  pools  or  new 
producing  oil  sands  discovered  in  the  State  in  recent  years,  the  1924 
production  of  petroleum  amounting  to  1,400,000  barrels,  the  largest 
in  33  years  or  since  1891,  is  very  encouraging.  The  1924  output 
was  nearly  double  that  of  1912  and  the  increase  in  the  number  of 
barrels  produced  annually  during  recent  years  is  due  largely  to  the 
use  of  “  flooding  ”  methods  whereby  additional  recovery  of  petroleum 
is  obtained  from  the  old  oil  pools. 

Salt 

The  salt  production  in  1924  amounted  to  14,091,486  barrels,  a 
decrease  from  1923  when  the  production  amounted  to  14,756,014 
barrels.  The  production  of  salt  during  the  past  20  years,  has,  how¬ 
ever,  shown  a  steady  growth,  and  the  present  annual  output  is  more 
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than  5,000,000  barrels  over  the  1904  production.  The  total  recorded 
production  of  salt  in  the  State  since  the  establishment  of  the  industry 
is  more  than  400,000,000  barrels. 


Sand  and  Gravel 

The  production  of  sand  and  gravel  has  shown  a  good  increase  in 
recent  years  and  in  1924  amounted  to  13,397,540  tons  with  a  value 
of  $8,583,193.  In  1923  the  corresponding  totals  were  10,730,225 
tons  with  a  value  $7,291,076.  Molding  sand  production,  included  in 
the  above,  amounted  to  607,089  tons  in  1924  and  was  valued 
at  $1,040,735. 

Slate 

The  large  growth  in  the  value  and  quantity  of  slate  reported  dur¬ 
ing  recent  years  is  due  to  the  manufacture  of  slate  granules  for 
roofing  which  was  started  in  1917.  In  1916  the  production  of  slate 
was  the  smallest  in  many  years  and  amounted  to  but  $21,345.  The 
1924  production  amounted  to  $962,276,  of  which  granules  alone  are 
credited  with  a  value  of  more  than  $700,000.  Roofing  slate  in  1924 
amounted  to  nearly  11,000  squares,  which  was  the  largest  production 
since  1911. 


Stone 

The  total  value  of  the  quarry  products  of  granite,  limestone,  mar¬ 
ble,  sandstone  and  trap,  but  exclusive  of  value  of  limestone  used 
in  cement  making,  amounted  to  $11,973,613  in  1924  as  against 
$10,648,061  in  1923.  The  value  of  limestone  alone  for  1924  was  more 
than  $9,000,000  and  its  production  has  shown  a  steady  increase  dur¬ 
ing  the  past  20  years.  The  value  of  the  other  kinds  of  stone  have 
remained  nearly  stationary  and  for  most  of  them  there  has  been  an 
actual  reduction  in  the  quantity  quarried.  The  large  decrease  in  the 
value  of  trap  is  due  largely  to  the  closing  of  quarries  along  the 
palisades  of  the  Hudson,  when  the  quarry  sites  were  taken  over  by 
the  State  for  park  purposes. 

Talc 

The  output  of  talc  in  1924  amounted  to  78,340  tons  valued  at 
$1,162,488.  In  1923  the  talc  produced  amounted  to  71,304  tons  with 
a  value  of  $1,079,322.  The  average  annual  production  for  the  past 
21  years  has  been  something  over  66,000  tons. 


Zinc 

The  mining  of  zinc  ore  in  New  York  State  started  in  1915,  since 
which  time  446,550  short  tons  of  zinc  ore  with  a  value  of  $7,677,287 
have  been  produced.  The  1924  output  amounted  to  40,350  tons  with 
a  value  of  $606,320. 
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Other  Materials 

Among  the  miscellaneous  minerals  produced  in  the  State  during 
1924  are  the  following:  crude  clay,  5948  tons,  value  $31,238;  diato- 
maceous  earth,  199  tons,  value  $12,995 ;  emery,  1610  tons,  value 
$11,426;  feldspar  and  quartz,  17,686  tons,  value  $120,739;  millstones 
valued  at  $18,215;  gasoline  recovered  from  natural  gas,  476,753 
gallons,  value  $49,639 ;  peat,  508  tons,  value  $7438 ;  pyrite,  7593 
long  tons,  value  $16,705;  sand-lime  brick,  16,529  M,  value  $220,851. 
The  combined  1924  values  of  carbon  dioxide  (carbonic  acid  gas), 
natural  cement  and  marl  amounted  to  $45,872. 

Grateful  acknowledgement  is  hereby  expressed  on  the  part  of  the 
State  Museum  to  the  more  than  1200  mineral  producers  of  the  State, 
who  by  their  cordial  cooperation  have  made  the  statistics  presented 
here  and  in  the  following  chapters  possible.  Acknowledgment  is 
also  due  to  the  United  States  Geological  Survey  and  to  the  Bureau 
of  the  Census  for  their  cooperation  in  gathering  statistics,  the  latter 
having  aided  materially  with  the  work  on  the  clay  products  industry. 


Annual  mineral  production  in  New  York  since  1904 


YEAR 

VALUE 

IQ04 . 

$28  812  595 
35  470  987 
37  132  832 
37  141  006 

29  519  785 

34  742  287 

35  400  257 
31  730  747 

36  552  784 
4i  598  399 
35  870  004 
35  988  407 
45  947  947 
52  191  692 
54  169  287 
56  415  992 
78  517  407 
62  558  713 
73  644  343 
90  617  718 
96  395  492 

I OOS . . . 

iqo6 . . 

1007 . . . .  . . 

1 008 . . . 

1909 . 

IQIO . 

IQI I  .  .  . . . . . . 

IQI2 . . . . . 

IQI ^  . . . . .  . . 

IQI4  . . . . . . . . . 

1915  . 

1916  . . . 

IQI7 . . 

IQl8  . . . . . . 

IQIQ.  . . . . . . 

IQ20 .  . . . . . . 

IQ2I . . . . . .  . 

IQ22 . . . . . . . . . . . 

IQ2** . . . . . 

IQ24. . .  . . 

Total  value . 

$1  030  418  681 
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Mineral  production  in  New  York  in  1919 


PRODUCT 

UNIT  OF 

MEASUREMENT 

QUANTITY 

VALUE 

Portland  cement . 

Barrels . 

4  44i  250 
482  I 14 

$ 7  700  406 
6  423  436 
5  633  355 
2  41 1  795 

Building  brick . . 

Thousands ..... 

Pottery . 

Other  clay  products . 

Diatomaceous  earth . 

Short  tons . 

Crude  clay . . . 

Short  tons.  .  . 

d 

Emery . 

Short  tons. . 

I  563 
10  412 

4  623 

13  459 
84  901 
301  252 
& 

Feldspar  and  quartz . 

Short  tons. 

Garnet . 

Short  tons.  . 

Graphite . 

Pounds. . . . 

Gypsum . . . 

Short  tons. 

591  153 
701  688 

3  530  743 

4  002  312 

10  155 

a. 

Iron  ore . . . 

Long  tons .  .  . 

Millstones . 

Metallic  paint  (iron  ore) . 

Short  tons. . 

9  675 

6  537  966 

8  124  000 
457  985 
851  000 

1 77 

Mineral  waters .  .  . 

Gallons. . . . 

815  615 

2  870  000 

84  083 

3  100  000 

Natural  gas . 

1000  cubic  feet.  . 

Natural  gas  gasoline . 

Gallons . 

Petroleum . 

Barrels . 

Peat . . . 

Short  tons  . . 

1  322 
a 

Potash  (K20) . . . . 

Short  tons. .... 

Pyrite . . 

Long  tons .  .  . 

60  544 
13  913  064 
418  319 

3  569  668 

10  958 

468  257 

7  159  547 
609  730 
1  637  150 
159  399 
450  379 
94  820 
5  538  581 
250  244 

384  516 

619  799 
100  775 
750  765 
747  666 
461  530 

Salt . 

Barrels . 

Molding  sand . 

Short  tons. . 

Other  sand  and  gravel . 

Short  tons.  . 

Sand-lime  brick . 

Thousands . 

Slate . 

Granite . 

Short  tons . 

49  670 

Limestone  b . . . 

Marble.  . . 

Short  tons. . 

24  040 
65  050 
527  910 
33  590 
62  495 
5i  4ii 

Sandstone . 

Short  tons .... 

Trap . 

Short  tons. .  . 

Miscellaneous  stone . 

Short  tons . 

Talc . 

Short  tons . 

Zinc  ore . 

Short  tons . .  . 

Other  materials . 

Total  value . . . 

$56  415  992 

a  Included  under  other  materials. 

b  Includes  value  of  lime  but  not  value  of  limestone  used  for  cement  making. 
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Mineral  production  in  New  York  in  1920 


PRODUCT 

UNIT  OF 
MEASUREMENT 

QUANTITY 

VALUE 

Portland  cement.  . . 

Barrels . 

6  049  150 

$12  206  698 
a 

Natural  cement . . . 

Barrels . 

Building  brick . . . 

Thousands ...... 

497  802 

8  565  0 72 
7  308  283 
3  240  329 
a 

Pottery . . . .  .  . 

Other  clay  products . . . 

Diatomaceous  earth . 

Short  tons . 

Crude  clay . 

Short  tons . 

8  545 

1  596 
22  291 

4  276 

43  672 
14  375 
166  869 
359  425 
a 

Emery . . . 

Short  tons . 

Feldspar  and  quartz . . 

Short  tons . 

Garnet . 

Short  tons . 

Gems . 

Graphite . . . 

Pounds . 

a 

Gypsum . 

Short  tons . 

780  295 
959  408 

6  438  929 
6  263  252 
7  834 

a 

Iron  ore . 

Long  tons . 

Marl . . . . . 

Short  tons . 

Mica . 

Millstones . . . 

13  331 

a 

Metallic  paint . . . 

Short  tons . 

9  936 

5  242  047 

8  419  000 
41 1  078 
906  000 

Mineral  waters . 

Gallons . 

671  066 
3  195  000 

75  576 
5  433  000 

a 

Natural  gas . . 

1000  cubic  feet. . 

Natural  gas  gasoline . 

Gallons . 

Petroleum . . . 

Barrels . 

Peat . . . . 

Short  tons . 

Potash  (K20) . . 

Short  tons. ..... 

a 

Pyrite . . 

Long  tons ...... 

30  753 
13  593  578 
590  577 

5  536  44i 
11  294 

261  575 
7  584  921 

1  232  721 
3  105  736 
176  114 
91 1  293 
204  491 

7  151  I5i 
220  773 
547  424 
794  653 
143  215 
9 77  228 
9I5  948 
287  453 

Salt . . .  ... 

Barrels. ....  . 

Molding  sand . 

Short  tons. ..... 

Other  sand  and  gravel . 

Short  tons . 

Sand-lime  brick . 

Thousands . 

Slate . 

Granite . 

Short  tons .... 

78  270 

Limestone  b . 

Marble . 

Short  tons . 

24  900 
61  610 

Sandstone . 

Short  tons . 

Trap . 

Short  tons . 

648  450 
45  130 
68  168 

Miscellaneous  stone . 

Short  tons . .  . 

Talc . 

Short  tons . 

Zinc  ore . 

Short  tons . . . 

53  78o 

Other  materials . 

Total  value . 

$ 78  517  4°7 

a  Included  under  other  materials. 

b  Includes  value  of  lime  but  not  value  of  limestone  used  for  cement  making. 
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Mineral  production  in  New  York  in  1921 


PRODUCT 

UNIT  OF 

MEASUREMENT 

QUANTITY 

VALUE 

Portland  cement . 

Barrels . 

4  993  341 

$9  403  015 
a 

7  639  734 

6  789  055 
3  003  297 

a 

16  423 
a 

a 

102  094 

258  705 

a 

6  410  221 
946  366 
4  928 
14  672 
a 

736  173 

2  798  000 

52  108 
7  200 

3  262  000 
a 

a 

6  505  041 
447  481 

3  225  646 
a 

516  956 
232  190 

7  748  530 
255  530 
901  915 
201  677 
124  788 
464  645 
157  200 
333  123 

Natural  cement . 

Barrels . . 

Building  brick . 

Thousands . 

635  895 

Pottery . .  .  .  . 

Other  clay  products . 

Carbon  dioxide . . 

Pounds . 

Crude  clav . 

Short  tons . 

4  247 

Diatomaceous  earth . 

Short  tons . 

Emery . 

Short  tons . 

Feldspar  and  quartz . 

Short  tons . 

II  577 

2  998 

Garnet. . 

Short  tons 

Graphite . . . 

Pounds .... 

Gypsum . 

Short  tons . 

712  665 
174  368 
800 

Iron  ore . 

Long  tons 

Marl . 

Short  tons.  .  .  . 

Millstones . 

Metallic  paint . 

Short  tons ...  . 

2  738 

5  965  049 

6  583  000 
366  240 

841 
988  000 

Mineral  waters. . . . 

Gallons . 

Natural  gas . 

1000  cubic  feet.  . 
Gallons . 

Natural  gas  gasoline . 

Peat . 

Short  tons. .  .  . 

Petroleum . 

Barrels . 

Potash  (K20) . 

Short  tons.  . 

Pyrite . 

Long  tons . 

Salt . 

Barrels .... 

10  392  956 
288  354 

5  732  875 

Molding  sand . 

Short  tons.  .  .  .  . 

Other  sand  and  gravel . 

Short  tons . 

Sand-lime  brick. . . 

Thousands . 

Slate . 

Granite. . 

Short  tons. . .  . 

62  750 

Limestone  b. . 

Marble. . 

Short  tons . 

32  090 
156  930 

1 12  640 
69  820 
37  489 
39  940 

Sandstone . 

Short  tons . 

Trap . . . . 

Short  tons. . 

Miscellaneous  stone . 

Short  tons . 

Talc . 

Short  tons . 

Zinc  ore . 

Short  tons . 

Other  materials . 

Total  value . . 

$62  558  713 

a  Included  under  other  materials. 

b  Includes  value  of  lime  but  not  value  of  limestone  used  for  cement  making. 
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Mineral  production  in  New  York  in  1922 


PRODUCT 


UNIT  OF 
MEASUREMENT 


QUANTITY 


Portland  cement . 

Natural  cement. ..... 

Building  brick . 

Pottery. . . 

Other  clay  products  .  . 

Carbon  dioxide . . 

Crude  clay.  .  . . 

Diatomaceous  earth .  . 

Emery . 

Feldspar  and  quartz . . 

Garnet. . . 

Graphite . . 

Gypsum . 

Iron  ore . 

Marl . 

Millstones . 

Metallic  paint . . 

Mineral  waters . 

Natural  gas . 

Natural  gas  gasoline. . 

Peat. . 

Petroleum . 

Pyrite . 

Salt . . 

Molding  sand . 

Other  sand  and  gravel . 
Sand-lime  brick. ...... 

Slate . . 

Granite. . . 

Limestone  b .........  . 

Marble. . 

Sandstone . 

Trap . 

Miscellaneous  stone .  .  . 

Talc . 

Zinc  ore . 

Other  materials . 


Barrels .... 
Barrels. . . . 
Thousands . 


Pounds 
Short  tons. 
Short  tons . 
Short  tons. 
Short  tons . 
Short  tons . 
Pounds 
Short  tons . 
Long  tons . 
Short  tons. 


Short  tons . 

Gallons ....... 

1000  cubic  feet. 

Gallons . 

Short  tons . 

Barrels . 

Long  tons . 

Barrels . 

Short  tons . 

Short  tons . 

Thousands 


Short  tons. 


Short  tons. 
Short  tons. 
Short  tons. 
Short  tons . 
Short  tons. 
Short  tons. 


6  194  663 
842  688 


312  232 
5  976 
216 


14  188 
6  654 


055  302 
191  195 

1  300 


16  541 
6  965  638 

6  947  145 
506  200 

840 
1  000  000 
5  900 
14  006  193 
579  999 

7  723  393 


1 17  800 


Total  value . 


52  870 
332  160 
101  510 


7 1  470 
53  400 


$10  694  426 
a 

12  233  003 
5  685  884 

2  629  922 

40  000 
20  463 
13  790 
a 

90  968 
546  879 

8  807  366 
1  049  050 
8  125 
17  025 
a 

800  831 

3  379  000 

61  415 
4  050 

3  200  000 
a 

7  066  409 
855  682 

4  229  630 
c 

642  972 

370  471 
7  469  370 
336  956 
1  372  429 
151  977 
55  47i 
1  116  914 
549  024 
144  841 


$73  644  343 


a  Included  under  other  materials. 

b  Includes  value  of  lime  but  not  value  of  limestone  used  for  cement  making. 
c  Value  of  production  not  included  in  State  total. 
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Mineral  production  in  New  York  in  1923 


product 


UNIT  OF 
MEASUREMENT 


QUANTITY 


VALUE 


Portland  cement . 

Natural  cement . 

Building  brick . 

Pottery . 

Other  clay  products .  . . 

Carbon  dioxide . 

Crude  clay . 

Diatomaceous  earth. .  . 

Emery . 

Feldspar  and  quartz . . . 

Garnet . 

Gypsum . 

Iron  ore . 

Marl . 

Mica . 

Millstones . . . . 

Metallic  paint . 

Mineral  waters . 

Natural  gas . 

Natural  gas  gasoline. . 

Peat . 

Petroleum . 

Pyrite.  . . . 

Salt . . 

Molding  sand . 

Sand-lime  brick. . 

Other  sand  and  gravel 

Slate . 

Granite . 

Limestone  b . 

Marble . 

Sandstone . 

Trap  c . 

Talc . 

Zinc  ore . 

Other  materials . 


Barrels .... 
Barrels .... 
Thousands . 


Pounds 
Short  tons. 
Short  tons. 
Short  tons . 
Short  tons . 
Short  tons. 
Short  tons. 
Long  tons . 
Short  tons . 
Pounds.  .  . 


Short  tons . 

Gallons . 

1000  cubic  feet. 
Gallons ....... 

Short  tons . 

Barrels . 

Long  tons . 

Barrels . 

Short  tons . 

Thousands . 

Short  tons . 


Short  tons. 
Short  tons. 
Short  tons . 
Short  tons. 
Short  tons. 
Short  tons. 
Short  tons. 


6  853  062 
989  034 


$12  834  471 
a 

15  027  424 
6  289  381 
4  468  045 
a 


8 

247 

43 

701 

208 

13 

378 

18 

461 

3 

427 

52o 

135 

177 

7 

662 

583 

190 

I 

361 

116 

10 

344 

745 

722 

096 

3 

242 

229 

1 

000 

7 

rt 

000 

LI 

14 

344 

14 

391 

77 

775 

6 

716 

154 

803 

433 

6 

497 

000 

3 

739 

000 

408 

000 

44 

000 

862 

7 

545 

1 

250 

000 

4 

140 

000 

11 

000 

a 

14 

756 

014 

7 

431 

155 

73i 

896 

1 

212 

798 

15 

646 

204 

433 

9 

998 

329 

6 

078 

278 

9  27 

398 

61 

220 

204 

578 

6 

413 

380 

8 

50i 

621 

63 

570 

412 

875 

282 

690 

1 

259 

257 

223 

020 

269 

730 

7i 

304 

1 

079 

322 

63 

660 

1 

150 

968 

67 

040 

Total  value . 


$90  617  718 


a  Included  under  other  materials. 

b  Includes  value  of  lime  but  not  value  of  limestone  for  cement  making.  Tonnage  does  not 
include  amount  used  in  lime  making. 
c  Includes  value  of  miscellaneous  stone. 
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Mineral  production  in  New  York  in  1924 


PRODUCT 

UNIT  OF 

MEASUREMENT 

QUANTITY 

VALUE 

Portland  cement . 

Barrels . 

7  435  875 

$13  460  594 
a 

14  1 18  452 

8  421  523 

3  678  564 

a 

3i  238 
12  995 
11  426 
120  739 
623  472 
14  329  246 

1  448  616 
a 

1 8  215 
63  955 
81 1  465 

3  632  000 
49  639 
7  438 

5  245  000 

16  705 

6  739  597 

1  040  735 

7  542  458 
220  851 
962  276 
21 1  766 

9  46i  774 
532  358 

1  529  590 
238  125 

1  162  488 
606  320 
45  872 

Natural  cement . 

Barrels . 

Building  brick . 

Pottery .  . 

Thousands . 

1  052  761 

Other  clay  products . 

Carbon  dioxide .  .  . .  . 

Pounds . 

Crude  clay . 

Short  tons . 

5  948 
199 

1  610 

1 7  686 

7  428 

1  474  491 
303  386 

Diatomaceous  earth . 

Emery .  . . 

Short  tons . 

Short  tons . 

Feldspar  and  Quartz  . 

Short  tons. . .  . 

Garnet .  . 

Short  tons. ..... 

Gypsum .  . . 

Short  tons . 

I  ron  ore . 

Long  tons.  ..... 

Marl . 

Short  tons . 

Millstones . . . 

Metallic  paint .  .  . .  . 

Short  tons . 

H  522 

6  789  182 

6  196  000 
476  753 
508 

1  440  000 

7  593 
14  091  486 
607  089 
12  790  451 
16  529 

Mineral  waters  b . 

Gallons . 

N  atural  gas . 

1000  cubic  feet.  . 
Gallons .....  .  . 

Natural  gas  gasoline . 

Peat . . 

Short  tons . 

Petroleum . 

Barrels. . . 

Pyrite . 

Long  tons . 

Salt . 

Barrels . 

Molding  sand . 

Short  tons . 

Other  sand  and  gravel . 

Short  tons . 

Sand-lime  brick . .  . 

Thousands . 

Slate . 

Granite . 

Short  tons . 

68  360 

6  969  060 
64  220 
303  000 

Limestone  c ...  . . 

Marble . 

Short  tons ...... 

Short  tons . 

Sandstone. . 

Short  tons. . .  . 

Trap  d. . 

Short  tons . 

Talc . .  .  . 

Short  tons. . .  . 

78  340 
40  350 

Zinc  ore . 

Short  tons . 

Other  materials . 

Total  value . 

$96  395  492 

a  Included  under  other  materials. 
b  Quantity  and  value  partly  estimated. 

c  Includes  value  of  lime  but  not  value  of  limestone  for  cement  making.  Tonnage  does  not 
include  amount  used  in  lime  making. 
d  Includes  value  of  miscellaneous  stone. 
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CARBON  DIOXIDE 

Carbon  dioxide  or  carbonic  acid  gas  exists  naturally  in  the  mineral 
waters  of  Saratoga  and  Ballston  Springs.  Artificially,  carbon  dioxide 
is  produced  by  the  calcination  of  limestone,  dolomite  and  magnesite, 
and  by  the  combustion  of  coke  or  coal.  Until  the  erection  of  the 
State  Reservation  at  Saratoga  and  legal  restraint  from  pumping  in 
1908,  the  collection  of  carbonic  acid  gas  was  an  important  industry 
at  Saratoga  Springs  and  vicinity. 

As  an  industry,  carbon  dioxide  was  produced  at  Saratoga  Springs 
for  some  years  previous  to  1905,  but  the  most  active  period  was 
between  1904  and  1908  when  the  annual  production  ranged  from 
4,000,000  to  5,000,000  pounds  a  year.  The  gas  is  found  at  depths  of 
from  150  to  600  feet  and  at  the  flush  period  of  production  30  or  more 
wells  contributed  to  the  output.  Professor  J.  F.  Kemp  has  made  a 
special  study  of  the  Saratoga  mineral  springs  and  his  report  is  pub¬ 
lished  as  New  York  State  Museum  Bulletin  159,  1912. 

At  present  the  only  carbon  dioxide  produced  at  Saratoga  is  that 
recovered  from  the  waters  used  at  the  State  Reservation.  The  gas 
is  compressed  and  sold  by  the  State  on  a  royalty  basis.  The  income 
to  the  State  from  this  source  is  something  over  $15,000  annually. 

CEMENT 

Portland  Cement 

The  1924  production  of  portland  cement  amounted  to  7,435,875 
barrels  with  a  value  of  $13,460,594.  This  production  both  in  number 
of  barrels  and  in  value  is  the  largest  ever  made  in  the  State  and 
reflects  the  healthy  condition  of  the  industry,  which  has  maintained 
a  steady  growth  since  its  establishment  in  1881.  The  accompanying 
table  shows  the  production  and  values  of  portland  cement  since  1919. 


Production  of  portland  cement  in  New  York  since  1919 


YEAR 

BARRELS 

VALUE 

1919  . 

1920  . 

4  441  250 

6  049  150 

4  993  341 

6  194  663 

6  853  062 

7  435  875 

$7  700  406 
12  206  698 
9  403  015 
IO  694  426 

12  834  471 

13  460  594 

1921 . 

1922 . 

I923 . 

I924 . 

Total . 

35  967  341 

$ 66  299  610 
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In  1924,  eight  companies  operating  nine  plants  reported  production 
of  portland  cement.  The  operating  companies  with  location  of  plants 
are  as  follows : 

In  Columbia  county,  two  cement  plants  are  located  at  Becraft 
mountain  near  the  city  of  Hudson.  One  is  the  Knickerbocker  Port¬ 
land  Cement  Company  (International  Cement  Corporation),  ioo 
State  street,  Albany,  N.  Y.  The  other  is  the  Atlas  Portland  Cement 
Company  (New  York  &  New  England  C.  &  L.  Company),  25  Broad¬ 
way,  New  York,  N.  Y.  Becraft  mountain,  at  which  the  two  cement 
plants  are  located,  is  an  outlier  of  Silurian  and  Devonian  limestones 
in  which  the  Manlius,  Coeymans  and  Becraft  limestones  are  rep¬ 
resented.  With  the  exception  of  another  small  outlier  to  the  north¬ 
east,  known  as  Mount  Bob,  Becraft  mountain  contains  the  only  lime¬ 
stone  formations  mentioned  on  the  east  side  of  the  Hudson  river. 

On  the  west  side  of  the  Hudson  river  limestone  formations  similar 
to  those  contained  in  Becraft  mountain  extend  parallel  to  the  Hudson 
river,  and  in  Greene  county  are  located  the  following  plants :  Acme 
Cement  Corporation,  Catskill,  N.  Y. ;  Alpha  Portland  Cement  Com¬ 
pany,  Easton,  P'a.  Plant  at  Cementon,  N.  Y. ;  Hudson  Valley  Port¬ 
land  Cement  Corporation,  Alsen,  N.  Y. 

In  vSchoharie  county  the  North  American  Cement  Corporation  of 
New  York  (formerly  Helderberg  Cement  Company),  126  State 
street,  Albany,  operates  a  portland  cement  plant  at  Howes  Cave. 
The  quarries  are  in  the  Manlius  and  Coeymans  limestones. 

In  Onondaga  county  the  Alpha  Portland  Cement  Company  operates 
a  plant  at  Jamesville.  The  quarry  face  includes  the  Manlius,  Coey¬ 
mans  and  Onondaga  limestones. 

At  Portland  Point,  Tompkins  county,  the  Pennsylvania  Cement 
Company,  lessees  (Cayuga  Operating  Company,  Inc),  13 1  East  46th 
street,  New  York,  N.  Y.,  produces  portland  cement  from  the  Tully 
limestone. 

The  Glens  Falls  Portland  Cement  Company,  Glens  Falls,  Warren 
county,  N.  Y.,  obtains  its  supply  of  limestone  from  the  Trenton  beds 
at  that  place. 

Natural  Cement 

This  form  of  cement  has  been  manufactured  in  the  State  for  more 
than  100  years  with  a  total  output  of  nearly  120,000,000  barrels. 
The  maximum  production  during  the  past  35  years  was  in  1899  when 
there  were  manufactured  4,689,167  barrels.  In  the  same  year  the 
production  of  portland  cement  amounted  to  but  472,386  barrels. 
Since  that  year  the  manufacture  of  natural  cement  has  shown  a  rapid 
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decline,  and  at  the  present  time  this  kind  of  cement  is  produced  by 
but  a  single  manufacturer.  The  plant  is  located  at  Lawrenceville, 
Ulster  county,  about  one  mile  west  of  Rosendale.  The  single  opera¬ 
tor  was  A.  J.  Snyder,  Rosendale.  Although  from  1900  on,  the  decline 
of  the  manufacture  of  natural  cement  was  rapid,  it  was  not  until 
1906  that  the  production  of  portland  cement  exceeded  that  of  natural 
cement,  and  not  until  1913  did  the  combined  totals  of  the  two 
products  exceed  the  1899  production.  Thus  in  the  period  between 
1899  and  1913  there  was  a  decrease  in  the  annual  amount  of  cement 
produced  as  compared  with  the  years  immediately  preceding  and  fol¬ 
lowing  those  dates. 

A  new  development  in  the  natural  cement  industry  is  the  purchase 
of  140  acres  containing  natural  cement  rock  by  the  Louisville  Cement 
Company  of  Louisville,  Ky.  The  tract  of  land  is  at  Newstead,  near 
Akron,  Erie  county.  The  contract  for  the  erection  of  a  mill  has  been 
let,  and  it  is  expected  that  shipments  will  be  made  about  the  middle 
of  1926.  The  product  is  to  be  marketed  under  the  name  “Brixment,” 
a  cement  used  chiefly  as  a  mortar. 
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CLAY  MATERIALS 

The  manufacture  of  clay  wares  is  an  important  industry  of  the 
State.  Clays  suitable  for  common  wares  are  widely  distributed  and 
in  many  sections  of  the  State  shales  are  abundant.  Their  use  for 
clay  products  is  much  less  extensive,  however.  The  Hudson  valley 
is  the  most  important  clay-producing  district  of  the  State.  Long 
Island  and  Staten  Island  also  have  important  deposits.  In  northern 
New  York  the  Valley  of  Lake  Champlain  contains  the  principal 
source  of  supply.  In  the  interior  of  the  State  the  deposits  are  worked 
at  widely  separate  localities.  The  shale  deposits  utilized  are  mainly 
of  Devonian  age  and  extend  from  the  Catskills  westward  across  the 
State. 
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The  clay  wares  produced  include  brick,  paving  brick,  terra  cotta, 
fire  brick,  hollow  building  blocks,  drain  tile,  sewer  pipe  and  pottery. 
The  pottery  products  include  red  earthenware,  white  ware,  hotel 
china,  sanitary  ware,  porcelain  electrical  supplies  and  saggers. 

Production 

The  1924  production  of  clay  materials  of  all  kinds  amounted  to 
$26,218,539.  Of  this  amount,  building  brick  is  credited  with 
$14,118,452,  pottery,  $8,421,523,  and  other  clay  products,  $3,678,564. 
In  1923  the  total  value  of  the  clay  products  amounted  to  $25,784,850. 
The  accompanying  table  gives  the  value  of  production  for  each  year 
since  1919  of  common  brick,  paving  brick,  terra  cotta,  pottery  and 
other  kinds,  the  latter  including  such  clay  products  as  could  not  well 
be  itemized  in  separate  columns  without  greatly  enlarging  the  table. 
The  table  shows  the  varying  values  of  production  from  year  to  year. 


Production  of  clay  materials  in  New  York  since  1919 


YEAR 

COMMON 

BRICK 

PAVING 

BRICK 

TERRA 

COTTA 

POTTERY 

OTHER 

KINDS 

TOTAL 

1919... _ 

$6  374  979 

$252  948 

$629  213 

$5  633  355 

$1  578  091 

$14  468  586 

1920 . 

8  346  530 

159  981 

1  294  534 

7  308  283 

2  004  356 

19  113  684 

1921 . 

7  351  116 

225  734 

1  166  560 

6  789  055 

1  899  621 

17  432  086 

1922 . 

11  571  363 

263  484 

1  248  440 

5  685  884 

1  779  638 

20  548  809 

1923 . 

14  706  098 

226  642 

1  773  039 

6  289  381 

2  789  690 

25  784  850 

1924 . 

13  683  606 

249  620 

1  639  424 

8  421  523 

2  224  366 

26  218  539 

Total.  . . . 

$62  033  692 

$1  378  409 

$7  751  210 

$40  127  481 

$12  275  762 

$123  566  554 

The  greatest  percentage  of  increase  for  the  period  represented  by  the 
table  is  shown  in  the  terra  cotta  products.  The  units  of  quantity 
measurements  for  various  grades  of  terra  cotta  and  pottery  are  of 
a  somewhat  indefinite  character  and  could  not  be  inserted  in  the 
table.  The  quantity,  prices  and  value  per  unit  for  common  brick 
are  given  in  another  table.  In  the  table  here  given  it  will  be  seen 
that  the  value  of  common  brick  is  more  than  50  per  cent  of  the  total 
output  of  clay  materials  while  the  total  value  of  all  products  for  the 
period  reaches  nearly  $124,000,000. 

Common  Brick 

The  number  of  common  brick  produced  in  1924  amounted  to 
1,029,667,000  with  a  value  of  $13,683,606.  The  average  price  a 
thousand  was  $13.28.  The  quantity  production  was  the  largest  since 
1913.  I11  value  the  1923  production  was  the  largest  on  record,  with 

a  value  of  $14,706,098  and  an  average  selling  price  a  thousand  of 
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$15.09.  During  the  past  20  years  the  highest  average  price  a  thou¬ 
sand  ($17.08)  was  in  1920;  the  lowest  was  in  1910  when  the  price 
was  $4.70.  This  was  a  year  of  low  demand  due  to  industrial  con¬ 
ditions.  The  total  state  production  since  1919  of  common  building 
brick,  together  with  values  and  price,  is  given  in  the  accompanying- 
table. 

The  total  number  of  plants  in  the  State  reporting  production  of 
common  brick  in  1924  was  87,  distributed  among  24  counties.  Of 
this  number  61  are  located  in  the  Hudson  river  region,  comprising 
the  counties  of  Albany,  Columbia,  Dutchess,  Greene,  Orange,  Rens- 


Production  of  common  building  brick  in  New  York  since  1919 


YEAR 

QUANTITY 

VALUE 

VALUE  A 
THOUSAND 

1919 . 

479  405  000 

$6  374  979 

$13  30 

1920 . 

488  703  000 

8  346  530 

17  08 

1921 . 

620  628  000 

7  35i  n6 

II  84 

1922 . 

814  376  000 

11  57i  363 

14  20 

1923 . 

974  586  000 

14  706  098 

15  09 

1924 . 

1  029  667  000 

13  683  606 

13  28 

Total . . 

4  407  365  000 

$62  033  692 

selaer,  Rockland,  Ulster  and  Westchester.  The  counties  all  border 
the  Hudson  river  and  shipments  are  mostly  by  water.  This  is  an 
important  factor  in  making  the  district  one  of  the  largest  producers 
of  brick  in  the  country.  Of  the  total  value  of  common  brick  produced 
in  the  State  in  1924,  amounting  to  $13,683,606,  the  share  of  the 
Hudson  river  district,  comprising  nine  counties  out  of  the  24  report¬ 
ing  production,  amounted  to  $10,648,132.  The  importance  of  the 
Hudson  river  district  as  a  common  brick  producing  center  has  made  it 
desirable  to  show  in  tabular  form  the  output  of  the  region.  The 
tables  giving  this  information  since  1919  are  presented  herewith. 
Tables  for  earlier  years  are  contained  in  previous  publications  of  the 
State  Museum. 

The  output  of  common  brick  in  the  counties  of  the  State  outside 
of  the  Hudson  district,  amounting  to  231,631,000  and  valued  at 
$3,035,474,  is  given  in  a  separate  table.  In  accordance  with  agree¬ 
ments  with  operators,  the  county  total  can  not  be  given  unless  there 
are  more  than  two  operators. 

The  number  of  plants  operating  in  the  State  has  decreased  con¬ 
siderably  in  the  past  few  years.  In  1906,  when  there  was  the  largest 
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production  for  more  than  20  years,  213  plants  were  in  operation.  Of 
these,  13 1  were  located  in  the  Hudson  river  district  and  82  in  other 
sections  of  the  State.  The  increased  production  of  some  of  the  yards 
makes  up  in  part  the  loss  caused  by  the  dismantlement  of  a  number 
of  plants. 

Paving  Brick 

This  form  of  brick  is  manufactured  in  Broome,  Cattaraugus  and 
Chautauqua  counties.  The  1924  output  amounted  to  9,070,000  val¬ 
ued  at  $249,620,  the  average  price  a  thousand  being  $27.52.  In  addi¬ 
tion,  vitrified  block  was  reported  by  the  firm  operating  in  Cattaraugus 
county.  The  values  of  production  for  paving  brick  since  1919  are 
given  in  the  table  showing  production  of  clay  materials. 

Face  Brick 

Four  firms  reported  production  of  face  brick  in  1924.  The  out¬ 
put  amounted  to  23,094,000  with  a  value  of  $434,846.  The  price  a 
thousand  was  $18.82. 

Fire  Brick 

The  production  of  fire  brick  in  1924  amounted  to  4,277,000,  valued 
at  $521,456.  The  average  selling  price  was  $121.92  a  thousand.  The 
output  was  made  by  four  firms. 

Building  Tile 

Production  of  hollow  building  tile  was  reported  by  seven  establish¬ 
ments.  The  production  which  is  given  in  tons  amounted  to  60,150 
valued  at  $398,222. 

Drain  Tile 

Six  firms  produced  drain  tile  to  the  amount  of  3790  tons  with  a 
value  of  $30,589.  The  price  a  ton  was  $8.07. 

Sewer  Pipe 

Only  one  establishment  reported  the  manufacture  of  sewer  pipe 
and  the  figures  of  production  can  not  be  given. 

Stove  Lining 

This  material  was  reported  by  three  firms  to  the  amount  of  1708 
tons,  valued  at  $91,253  with  a  selling  price  of  $53.42  a  ton. 

Terra  Cotta 

The  production  of  architectural  terra  cotta  in  1924  amounted  to 
15,509  tons  having  a  value  of  $1,639,424.  The  selling  price  was 
$105.70  a  ton.  Production  was  reported  by  three  firms. 
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Refractory  Cement 

This  material  was  reported  by  three  firms  to  the  amount  of  1559 
tons  valued  at  $76,151,  with  an  average  price  of  $48.84  per  ton. 

Pottery 

Among  the  pottery  products  for  1924,  amounting  to  $8,421,523, 
hotel  china  was  valued  at  $3,905,509;  porcelain  electrical  supplies, 
$4,004,046;  and  saggers,  $286,204. 


Output  of  common  brick  in  the  Hudson  river  region  for  1919 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

PRICE  A 

THOUSAND 

Albany . 

10 

34  779  000 

$441  137 

$12  68 

Columbia  a . 

2 

24  795  000 

286  262 

11  55 

Dutchess . 

9 

28  670  000 

395  817 

13  81 

Greene . 

4 

13  056  000 

149  668 

11  46 

Orange . 

Rensselaer  a . 

3 

2 

30  809  000 

379  757 

12  33 

Rockland . 

15 

46  238  000 

692  760 

14  98 

Ulster. . . 

1 7 

143  861  000 

1  976  497 

13  74 

Westchester. . . 

4 

5  949  000 

65  74i 

11  05 

Total . . . 

66 

328  157  000 

$4  387  639 

$13  37 

a  The  output  of  Rensselaer  county  is  included  with  that  of  Columbia  county. 


Output  of  common  brick  in  the  Hudson  river  region  for  1920 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

PRICE  A 

THOUSAND 

Albany . 

Columbia . 

Dutchess . 

Greene . 

Orange . 

Rensselaer  a  . 

IO 

2 

IO 

4 

3 

2 

15 

19 

2 

49  168  000 
21  883  000 
28  035  000 
19  428  000 
26  339  000 

$942  122 
399  879 
438  727 
287  153 
468  749 

$19  16 
18  27 
15  65 
14  78 
17  80 

Rockland . 

Ulster . 

Westchester  a. 

63  7 85  000 
125  757  000 

1  043  584 

2  1 17  466 

16  36 
16  84 

Total . 

67 

334  395  000 

$5  697  680 

$17  04 

a  The  output  of  Westchester  and  Rensselaer  counties  is  included  with  that  of  Columbia  county. 
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Output  of  common  brick  in  the  Hudson  river  region  for  1921 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

PRICE  A 

THOUSAND 

Albany . . 

8 

50  327  OOO 

$642  24O 

$12  76 

Columbia  a .  . 

2 

Dutchess . . 

8 

42  688  000 

460  709 

10  79 

Greene  b. .... .  ...  . 

2 

Orange  . 

2 

74  198  OOO 

847  380 

II  42 

Rensselaer  a . . 

2 

Rockland . . 

11 

74  354  000 

I  017  898 

13  68 

Ulster . . 

18 

204  853  OOO 

2  313  201 

11  29 

Westchester  ........ 

1 

35  257  000 

448  44O 

12  71 

Total . . 

54 

481  677  OOO 

$5  739  868 

$11  92 

a  The  output  of  Columbia  and  Rensselaer  counties  is  included  with  that  of  Westchester  county. 
b  The  output  of  Greene  county  is  included  with  that  of  Orange  county. 


Output  of  common  brick  in  the  Hudson  river  region  for  1922 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

PRICE  A 

THOUSAND 

Albany . . . 

Columbia  a . 

Dutchess . 

Greene  b . 

Orange  ............ 

8 

4 

7 

4 

75  065  000 
48  755  000 
50  443  000 
96  203  000 

$1  I 13  577 
728  045 
719  375 

1  360  944 

$14  84 
14  93 
14  26 
14  15 

Rensselaer  . 

Rockland . . 

Ulster. . . . . 

Westchester  .... 

12 

17 

99  371  000 
210  631  000 

1  534  317 

2  906  913 

15  44 
13  80 

Total .  . . 

52 

580  468  000 

$8  363  171 

$14  41 

a  Includes  Columbia,  Rensselaer  and  Westchester  counties. 
b  Includes  Greene  and  Orange  counties. 
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Output  of  common  brick  in  the  Hudson  river  region  for  1923 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

PRICE  A 

thousand 

Albany . . 

9 

99  127  000 

$1  629  629 

$16  44 

Columbia  a . 

2 

Dutchess . 

9 

74  559  000 

I  IOO  093 

14  75 

Greene . 

3 

30  946  000 

446  594 

14  43 

Orange  .  . . . 

2 

1 15  621  000 

I  810  527 

15  65 

Rensselaer  b . 

2 

Rockland . 

H 

127  723  000 

I  938  803 

15  18 

Ulster . 

20 

237  389  000 

3  570  216 

15  04 

Westchester  . 

2 

44  104  000 

556  334 

12  61 

Total . 

63 

729  469  000 

$11  052  196 

#15  15 

a  The  output  of  Columbia  county  is  included  with  that  of  Orange  county. 
b  The  output  of  Rensselaer  county  is  included  with  that  of  Westchester  county. 


Output  of  common  brick  in  the  Hudson  river  region  for  1924 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

PRICE  A 

THOUSAND 

Albany . 

9 

i 13  840  000 

$1  708  247 

$15  00 

Columbia  . 

2 

93  705  000 

I  2 I I  585 

12  93 

Dutchess . 

9 

79  922  000 

I  032  255 

12  92 

Greene . 

3 

33  544  000 

441  O63 

13  15 

Orange  . 

2 

86  403  000 

1  147  753 

13  28 

Rensselaer  a . 

2 

Rockland . 

13 

1 17  085  000 

1  491  896 

12  74 

Ulster . 

20 

2 73  537  000 

3  615  333 

13  22 

Westchester  b . 

1 

Total . 

61 

798  036  000 

$10  648  132 

$13  34 

a  The  output  of  Rensselaer  county  is  included  with  that  of  Columbia  county. 
b  The  output  of  Westchester  county  is  included  with  that  of  Orange  county. 
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Production  of  common  brick  in  New  York  State  outside  of  the  Hudson 

river  district  for  1924 


COUNTY 

NUMBER 

OF 

OPERATORS 

OUTPUT 

VALUE 

Broome. . . . .  . 

7  260  OOO 

$Il6  601 

Cattaraugus  a ....  . . . 

j 

Chautauqua  a . .  . 

I 

Chemung . . . 

Erie . 

I 

4 

23  189  OOO 
31  563  OOO 

312  985 
372  180 

Livingston  b . . . 

I 

Monroe  b . 

I 

Montgomery  c. . . . . 

I 

Nassau . . . 

2 

14  252  OOO 

175  971 

Oneida  d  . . . . 

I 

Onondaga . . . 

3 

16  740  OOO 
36  IOO  OOO 
89  870  OOO 

274  36O 
407  4OO 
I  202  255 

Richmond. . 

2 

Saratoga. . 

4 

Steuben  e .  .  .  . . . 

I 

Suffolk . . . 

2 

12  657  OOO 

173  722 

Total . . . . 

26 

231  631  OOO 

#3  035  474 

a  Included  in  Broome  county. 
b  Included  in  Chemung  county. 
c  Included  in  Nassau  county. 


d  Included  in  Richmond  county. 
e  Included  in  Suffolk  county. 
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List  of  manufacturers  of  clay  materials  reporting  production  for  1924 

LOCATION  OF  PLANT  COMMON  BRICK  ADDRESS 

Albany  county 


Albany . 

.  Murray  &  Riberdy . 

52  Van  Woert  street, 
Albany 

First  avenue,  Albany 

Albany . 

.  Edward  J.  Smith . 

Coeymans . 

.  Adams  Brothers . 

Coeymans 

Coeymans . 

.  Powell  &  Minnock . 

Coeymans 

Coeymans . 

.  Roah  Hook  Brick  Co . 

Coeymans 

Coeymans . 

Cohoes . 

.  Sutton  &  Suderley  Brick  Com- 

pany . 

.  Cary  Brick  Company . 

Coeymans 

Mechanicville 

Cohoes . 

.  Cohoes  Brick  Co . 

Cohoes 

Watervliet . 

.  Joseph  Bleau . 

Watervliet 

Binghamton . 

Broome  county 

.  Binghamton  Brick  Co.,  Inc..  . 

Binghamton 

Olean . 

Cattaraugus  county 
.  Sterling  Brick  Co . . 

Olean 

Jamestown . 

Horseheads . 

Chautauqua  county 
.  Jamestown  Shale  Paving  Brick 
Company . 

Chemung  county 

.  Consolidated  Brick  Co . 

Jamestown 

Horseheads 

Stockport . 

Columbia  county 

.  Empire  Brick  &  Supply  Co . .  . 

103  Park  avenue,  New 

Stuyvesant . . 

.  Cary  Brick  Company . 

York  City 

Mechanicville 

Poughkeepsie . 

Dutchess  county 

.  Allen  &  Terwilliger  Brick  Yard 

Arlington 

Brockway . 

.  Belle  Isle  Brick  Works . 

Brockway  (Beacon) 

Beacon . 

.  Denning’s  Point  Brick' Works. 

Newburgh 

Beacon . 

.  Patrick  J.  McGrath . 

Haverstraw 

Beacon . 

.  Ziegler  &  Company . 

Beacon 

Brockway . 

.  The  Brockway  Brick  Co . 

Brockway 

Chelsea . 

.  Frank  B.  Watrous . 

Chelsea 

Fishkill . 

.  William  K.  Hammond . 

628  W.  52d  street, 

Dutchess  Junction. . 

.  Nicholson  Brothers . 

New  York 

Dutchess  Junction 

Buffalo . 

Erie  county 

.  John  Dietschler.  . . 

Weiss  &  Griswold  streets, 

Jewett  ville . 

.  Ellicott  Brick  Co . 

Buffalo 

920  Ellicott  square, 

Shaleton . 

.  Acme  Shale  Brick  Co . 

Buffalo 

1153  Main  street,  Buffalo 

North  Collins . 

.  North  Collins  Shale  Brick 

10  Builders  Exchange 

Athens . 

Company . 

Greene  county 

.  Gladfelter  &  Son . 

Building,  Buffalo 

Athens 

Catskill . 

.  Geo.  W.  Washburn  Co . 

Catskill 

Athens . 

.  Mayone  Brick  Co.,  Inc . 

Saugerties 

Sonyea . 

Livingston  county 
.  Craig  Colony . 

Sonyea 
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LOCATION  OF  PLANT  COMMON  BRICK 

Monroe  county 

Maplewood . .  Rochester  Clay  Brick  &  Tile 

Chili .  Corporation . 

Montgomery  county 

Amsterdam .  Henry  C.  Grieme  Co . . . 

Nassau  county 

Bethpage .  Long  Island  Brick  Co.,  Inc.  .  . 

Glen  Head.  .  . .  Jotham  Post. . . . 

Oneida  county 

Marcy .  Mohawk  Valley  Brick  Supply 

Co.,  Inc . . 

Onondaga  county 

Dewitt .  Syracuse  Brick  Corp . . 

Salina .  Geo.  W.  Pack  &  Son,  Inc . 

Warner .  Onondaga  Brick  &  Tile  Corp . 

Orange  county 

Roseton .  The  Jova  Brick  Works. ...... 

Roseton .  Roseton  Brick  Corp . 

Rensselaer  county 

Troy . .  Troy  Brick  Company . 

Hemstreet  Park .  Champlain  Brick  Co. . . . 

Richmond  county 

Green  Ridge . . .  American  Brick  Corp . 

Green  Ridge .  Dolan  Brick  Co.,  Inc . 


Rockland  county 

Grassy  Point . James  J.  Byrnes . 

Haverstraw .  George  Archer . 

Haverstraw .  James  A.  Brophy . 

Haverstraw. ........  The  DeNoyelles  Brick  Co ...  . 

Haverstraw .  Excelsior  Brick  Co . 

Haverstraw .  Everett  Fowler  &  Son . 

Haverstraw .  The  Garner  Brick  Works . 

Haverstraw. . .  Hudson  River  Brick  Co.,  Inc.. 

Haverstraw .  Malley  Brick  Company . 

Haverstraw .  E.  N.  Renn  &  Co . 

Haverstraw .  Joseph  Shankey  Brick  Co.  .  .  . 

Stony  Point ........  Morrissey  &  Company . 

Stony  Point .  Dunnigan  Brick  Co . 

Saratoga  county 

Crescent .  Aetna  Brick  &  Fireproofing 

Co.,  Inc. . . 

Crescent . .  Crescent  Brick  Co . 

Mechanicville  .......  New  England  Brick  Co . 

Stillwater .  Duffney  Brick  Co . 

Steuben  county 

Corning. ...........  Corning  Shale  Brick  Corp .... 

Suffolk  county 

Southold .  C.  L.  Sanford  Brick  Co.,  Inc. . 

Greenport .  Sage  Brick  Mfg.  Co.,  Inc . 


ADDRESS 


Rochester 


Amsterdam 


Farmingdale 
Glen  Head 


Utica 


Syracuse 

Syracuse 

Warner 


Roseton 

Roseton 


Troy 

Mechanicville 


Green  Ridge 
Green  Ridge 


Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Haverstraw 
Stony  Point 


Cohoes 

Crescent 

Mechanicville 

Stillwater 


Coming 


Southold 

Greenport 
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LOCATION  OF  PLANT  COMMON  BRICK  .  ADDRESS 


Ulster  county 

Glasco .  Empire  Brick  &  Supply  Co . . . 

Glasco .  Washburn  Brothers  Co . 

Kingston .  Brigham  Brothers . 

Kingston . .  Theodore  F.  Gardner  (now 

Dwyer  Bros.) . 

Kingston .  Philip  Goldrick  &  Sons . 

Kingston .  Hendricks  Brick  Company _ 

Ulster .  Hanrahan  Brick  &  Ice  Co ... . 

Kingston .  The  Hutton  Company . 


Kingston .  Kingston  Brick  &  Ice  Co . 

Kingston .  Lynch  Brothers  Co . . 

Ulster .  Rose  Brothers . 

Kingston .  Chas.  S.  Shultz  &  Son,  Inc.  .  . 

Kingston . .  Staples  Brick  Company . 

Malden .  Staples  Brick  Company . 

Kingston . .  The  Terry  Brothers  Company 

(two  plants) . 

New  Paltz .  Lowe  Brick  Company. . . 

Ulster .  Brophy  Brothers . 

E.  Kingston .  W.  J.  &  J.  T.  Washburn  Brick 

Company . 

Ulster  Park .  Est.  of  Christian  Schleed . 

Saugerties .  P&M  Brick  Mfg.  Co . 


103  Park  avenue,  New 
York 
Glasco 

R.  D.  4,  Kingston 

Kingston 

Kingston 

Kingston 

Kingston 

221  E.  Strand  street, 
Kingston 
Kingston 
Kingston 
Kingston 

Box  135,  Hoboken,  N.  J. 

Kingston 

Kingston 

Kingston 
New  Paltz 
Grassy  Point 

Kingston 
Ulster  Park 
New  York 


Montrose 


Binghamton 


Olean . 

Jamestown 


Westchester  county 

Milan  Brick  Company .  Montrose 

VITRIFIED  PAVING  BRICK 

Broome  county 

Binghamton  Brick  Co.,  Inc. .  .  Binghamton 
Cattaraugus  county 

Sterling  Brick  Co .  Olean 

Chautauqua  county 
Jamestown  Shale  Paving  Brick 

Company . . . .  Jamestown 


VITRIFIED  BRICK  OR  BLOCK 
OTHER  THAN  PAVING 

Cattaraugus  county 

Olean .  Sterling  Brick  Company .  Olean 

FACE  BRICK 

Broome  county 

Binghamton .  Binghamton  Brick  Co.,  Inc.  .  .  Binghamton 

Erie  county 

Jewettville .  Jewett ville  Clay  Products  Com-  123  W.  Chippewa  street, 

pany . . . .  Buffalo 

Shaleton .  Acme  Shale  Brick  Co .  1153  Main  street,  Buffalo 

Steuben  county 

Coming .  Corning  Shale  Brick  Corp ....  Corning 
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LOCATION  OF  PLANT 

Long  Island  City .... 

Tottenville . 

Corning . 

Town  Line . 

Shaleton . 

Angola . 

Beach  Ridge. ....... 

Warner . 

Troy . 

Clean . 

Town  Line . 

Shaleton.  . . 

Angola. . . 

Sonyea . 

Maplewood . 

Chili. .............. 

Geneva . . 

Rochester . 

Buffalo . 


ARCHITECTURAL  TERRA  COTTA  ADDRESS 

Queens  county 

New  York  Architectural  Terra  401  Vernon  avenue,  Long 
Cotta  Co.  Island  City 


Richmond  county 

Atlantic  Terra  Cotta  Co ....  .  350  Madison  avenue,  New 

York 

Steuben  county 

Coming  Terra  Cotta  Co . .  Coming 

HOLLOW  BUILDING  TILE 

Erie  county 

Lancaster  Brick  &  Tile  Co -  48  W.  Eagle  street,  Buffalo 

Acme  Shale  Brick  Co .  1153  Main  street,  Buffalo 

Lyth  Tile  Corporation .  Buffalo 

Niagara  county 

Central  Clay  Products  Co ... .  North  Tonawanda 
Onondaga  county 

Onondaga  Brick  &  Tile  Corp .  Warner 
Rensselaer  county 

Troy  Fireproofing  Co .  . . .  Troy 

CERAMIC  MOSAIC 

Cattaraugus  county 

Olean  Tile  Company .  Clean 


DRAIN  TILE 

Erie  county 

Lancaster  Brick  &  Tile  Co . . .  Buffalo 

Acme  Shale  Brick  Company.  .  1153  Main  street,  Buffalo 


Lyth  Tile  Corporation .  Buffalo 

Livingston  county 

Craig  Colony.  .  Sonyea 


Monroe  county 

Rochester  Clay  Brick  &  Tile 
Corporation .  Rochester 


Ontario  county 

Dove  &  Son .  Geneva 

SEWER  PIPE 

Monroe  county 

New  York  &  Pennsylvania 


Clay  Products  Co .  Rochester 

STOVE  LINING 

Erie  county 

Hall  &  Sons .  Buffalo 


Rensselaer  county 
McLeod  &  Henry  Co ...  . 


Troy 


Troy 
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LOCATION  OF  PLANT  STOVE  LINING  ADDRESS 

Westchester  county 


Peekskill . 

.  Peekskill  Fire  Brick  Works .  . 

.  Peekskill 

FIRE  BRICK 

Buffalo . 

Erie  county 

.  Hall  &  Sons . 

.  Buffalo 

Brooklyn . 

Kings  county 

.  Brooklyn  Fire  Brick  Works. . 

.  Brooklyn 

Troy . 

Rensselaer  county 
.  McLeod  &  Henry  Co . 

.  Troy 

Peekskill . 

Westchester  county 
.  Peekskill  Fire  Brick  Works .  . 

.  Peekskill 

CLAY  PRODUCTS  NOT  ELSEWHERE 

SPECIFIED ;  (WALL  COPING, 

FLUE  LINING,  ETC.) 

Shaleton . 

Erie  county 

.  Acme  Shale  Brick  Co . 

.  1153  Main  street,  Buffalo 

Brooklyn . 

Kings  county 

.  Henry  Bieg . 

.  Brooklyn 

Troy . 

Rensselaer  county 
.  Troy  Fireproofing  Co . . . 

.  Troy 

REFRACTORY  CEMENT 

Rome . 

Oneida  county 

.  Adams  &  Jewell . 

.  Rome 

RED  EARTHENWARE 

North  Tarrytown. . . 

Westchester  county 
.  Etruscan  Pottery  Corp . 

.  North  Tarrytown 

WHITE  WARE,  ETC. 

Brooklyn . 

Kings  county 

.  Empire  China  Works . 

.  Brooklyn 

HOTEL  CHINA 

Buffalo . 

Erie  county 

.  Buffalo  Pottery . 

.  Hayes  &  Seneca  streets, 
Buffalo 

Solvay . . . 

Salina . 

Syracuse . 

Onondaga  county 

.  Iroquois  China  Co . 

.  Onondaga  Pottery  Co . 

.  Onondaga  Pottery  Co . 

.  Solvay 
.  Syracuse 
.  Syracuse 

SANITARY  WARE 

Erie  county 

Jewett  Refrigerator  Co. . 


Lackawanna 


Buffalo 
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LOCATION  OF  PLANT  PORCELAIN  ELECTRICAL  ADDRESS 

SUPPLIES 

Genesee  county 

LeRoy .  Lapp  Insulator  Co . .  LeRoy 

Kings  county 

Brooklyn . .  Empire  China  Works .  Brooklyn 

Ontario  county 

Victor .  Locke  Insulator  Corp . .  Victor 


Schenectady  county 

Schenectady .  General  Electric  Co . . .  1  River  street,  Schenec¬ 

tady 


Buffalo . . 
Brooklyn 


SAGGERS 

Erie  county 
Buffalo  Pottery ....... 


Kings  county 
Empire  China  Works .  .  . 


Hayes  &  Seneca  streets, 
Buffalo 

Brooklyn 


Onondaga  county 

Solvay .  Iroquois  China  Co .  Solvay 

Salina. . .  Onondaga  Pottery  Co .  Syracuse 

Syracuse .  Onondaga  Pottery  Co .  Syracuse 

Schenectady  county 

Schenectady .  General  Electric  Co . . .  1  River  street,  Schenec¬ 

tady 

OTHER  POTTERY  PRODUCTS  IN¬ 
CLUDING  DENTAL  PORCELAIN, 

ART  POTTERY,  CLAY  TOBACCO 
PIPES,  ETC. 

Erie  county 

Lackawanna .  Jewett  Refrigerator  Co .  Buffalo 

Queens  county 

Elmhurst ...........  Elmhurst  Clay  Pipe  Works .  .  .  Flushing 

Westchester  county 

Bedford .  Volkmar-Durant  Kilns .  Bedford 
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CRUDE  CLAY 

In  addition  to  clay  used  in  the  manufacture  of  clay  products,  cer¬ 
tain  clays  are  sold  and  shipped  in  a  crude  or  raw  state.  By  far  the 
greater  part  of  the  clay  mined  is  a  slip  clay,  and  it  is  all  obtained 
within  the  limits  of  the  city  of  Albany.  A  small  amount  of  the  crude 
clay  mined  is  sold  as  a  fire  clay.  The  production  of  crude  or  raw  clay 
during  the  past  five  years  is  given  in  the  following  table : 


Production  of  crude  clay 


YEAR 

TONS 

VALUE 

1920 . 

8  545 

4  247 

5  976 

8  247 

5  948 

$43  672 
16  423 
20  463 
43  701 
3i  238 

1921 . 

1922 . 

I923 . 

ig24 . 

Total . 

32  963 

$155  497 

“A  slip  clay  is  one  that  contains  such  a  high  percentage  of  flux¬ 
ing  impurities,  and  is  of  such  texture,  that  it  melts  at  a  low  cone  to 
a  greenish  or  brown  glass,  thus  forming  a  natural  glaze.  It  must  be 
fine-grained,  free  from  lumps  or  concretions,  show  a  low  air-shrink¬ 
age,  and  mature  in  burning  as  little  above  Cone  5  as  possible.  While 
easily  fusible  clays  are  not  uncommon,  all  do  not  melt  to  a  good 
glaze. 
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“A  good  slip  clay  makes  a  glaze  which  is  free  from  defects  com¬ 
mon  to  artificial  glazes.  It  will  fit  a  wide  range  of  clays,  and  since  it 
is  a  natural  clay  it  will  undergo  the  same  changes  in  burning  as  the 
body  on  which  it  is  placed.  Artificial  mixtures  of  exactly  similar 
composition  to  the  natural  clays  have  failed  to  give  the  excellent  re¬ 
sults  as  to  gloss  or  color  that  are  attained  by  the  natural  clay. 

“Several  fair  slip  clays  have  been  found  in  different  parts  of  the 
country,  but  the  most  thoroughly  satisfactory  material  comes  from 
Albany,  N.  Y.,  and  is  shipped  to  all  parts  of  United  States  for  pot¬ 
ters’  use.”  Clay  Products  Cyclopedia ,  1924,  p.  35. 

An  average  of  the  analyses  of  eight  dried  samples  of  slip  clay 
from  one  of  the  Albany  deposits  is  as  follows : 


Silica  . . . . . 

Titanium  oxide  . 

Alumina  . . 

Ferrous  oxide  . . . 

Manganese  oxide . . . . 

Lime  . . . 

Magnesia  . . . 

Alkalies  . . 

Comb,  water  and  organic  matter 


54-55 

0.31 

17.06 

6.43 


o.  11 
5.80 
2.05 
5.19 
8.46 


Total 


99.96 


Vitrification  point  of  the  eight  samples  varied  between  1784  and 
1890  degrees  Fahrenheit,  and  the  fusion  point  between  2163  and  2269 

degrees  Fahrenheit. 

DIATOMACEOUS  EARTH 

Diatomaceous  earth  is  a  friable,  finely  divided,  earthy  deposit  found 
in  certain  fresh  water  lakes  and  consists  of  the  remains  of  micro¬ 
scopic  plants  called  diatoms.  In  appearance  it  closely  resembles  chalk 
or  fine  marl,  but  its  base  is  silica  instead  of  lime  carbonate.  Chemi¬ 
cally,  it  differs  from  ordinary  quartz  in  that  it  shows  the  presence  of 
considerable  water  combined  with  the  silica.  Mineralogically,  it  may 
be  regarded  as  an  opal  variety  of  silica. 


Uses 

Because  of  its  hardness  and  uniform  fineness  of  grain,  diatoma¬ 
ceous  earth  makes  a  good  abrasive  and,  as  such,  is  extensively  used 
in  polishing  powders  and  scouring  materials  for  metals.  It  is  also 
used  as  a  filtering  agent,  as  an  insulator  for  boilers  and  steam  pipes 
and  in  fireproofing,  as  an  ingredient  in  phonographic  records  and  as 
an  absorbent  in  artificial  fertilizers.  It  also  finds  use  in  the  manu¬ 
facture  of  water  glass,  cements,  glazes,  artificial  stone,  paints  and 
pigments,  fireworks  and  matches. 
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Occurrence 

The  principle  deposits  of  diatomaceous  earth  are  found  in  some  of 
the  Adirondack  lakes.  The  best-known  deposits  are  in  the  lakes  of 
Herkimer  county,  of  which  White  Lead  lake  has  been  for  a  number 
of  years  the  main  source  of  supply.  In  this  lake,  the  deposit  lies 
below  four  feet  of  water  and  has  a  thickness  of  from  two  to  30  feet 
over  an  area  of  four  acres.  Operations  are  carried  on  by  the  Adiron¬ 
dack  Diatomaceous  Earth  Company,  Herkimer,  N.  Y.  The  dredged 
material  is  prepared  for  market  by  washing  and  collecting  in  settling 
vats  after  which  it  is  compressed  under  power  and  dried  in  kilns. 
At  present  the  entire  output  of  the  company  is  sold  for  use  in  silver 
polish.  The  annual  output  during  the  past  few  years  has  averaged 
more  than  200  tons  with  a  selling  price  of  about  $65  a  ton.  An  analy¬ 
sis  of  the  material  recorded  in  New  York  State  Museum  Bulletin 
15  is  as  follows : 


SiOa  . 

AI2O3  . 

Fe2Os  . 

CaO  . 

H20  &  Volatile 
Undetermined  . . 


86.515 

0.449 

0.374 

0.120 

12.120 

0.442 


Total 


100.020 
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EMERY 

Emery  is  an  impure  granular  corundum  (AI2O3)  mixed  with  mag¬ 
netite.  In  New  York,  emery  has  been  mined  for  the  past  35  years 
in  the  vicinity  of  Peekskill,  Westchester  county,  from  an  igneous 
area  comprising  what  is  known  as  the  Cortlandt  series.  The  rocks 
of  the  area  include  many  distinctive  types  of  which  the  norites  are  the 
most  prominent.  In  age,  the  Cortlandt  series  is  later  than  Precam- 
brian  and  possibly  may  be  later  than  Ordovician. 
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The  emery  occurs  in  the  Peekskill  district  as  lenses,  pockets  and 
veins.  Mining  is  carried  on  mainly  by  the  usual  open  cut  methods, 
but  in  a  few  cases  tunnels  have  been  driven  and  shafts  sunk.  The 
mined  emery  ore  is  sorted  by  hand  and  hauled  by  truck  to  the  ship¬ 
ping  point  at  Peekskill. 

Character  of  the  Ores 

Several  types  of  emery  ore  are  recognized  in  the  Peekskill  dis¬ 
trict.  They  include  spinel  emery,  feldspathic  emery,  quartz  emery 
schist  and  “pure”  emery.  The  latter  grade  contains  little  else  but 
corundum  and  magnetite.  The  best  ores  contain  about  50  per  cent 
corundum  as  a  maximum.  The  following  analyses  are  quoted  from  a 
paper  by  Rogers  (see  reference  at  end  of  this  chapter). 


Analyses  of  emery  from  Peekskill  district 


14 

15 

16 

17 

Si02 . 

.84a 

10.60 

47.16 

AI2O3 . . 

68.14 

59.22 

43-72 

28.96 

Fe203 . . . 

1-43 

16.66 

13-75 

6.15 

FeO . 

16.25 

14.02 

20.11 

8-49 

MgO . 

10.02 

3-54 

8-59 

3.80 

CaO . . . 

trace 

trace 

.08 

2.03 

Na20 . 

trace 

trace 

•56 

.62 

K20 . 

trace 

trace 

•52 

•35 

h2o+  . . 

1. 15 

2.65 

-85 

•77 

H20— . . .  . . . 

.  12 

•05 

.07 

.  10 

Ti02 . 

1  4i 

3.28 

1-43 

1.48 

P206.  .  . . . 

trace 

trace 

trace 

.02 

s. . . . 

.05 

.06 

.07 

trace 

O203 . 

.04 

trace 

.06 

trace 

MnO. . . . 

trace 

.06 

.  10 

.05 

100.54 

100.38 

100.51 

99.98 

a  Probably  derived  in  considerable  part  from  the  agate  mortar. 

14  Spinel  emery,  high  grade,  Buckbee  Mine. 

15  Pure  emery,  Dalton  Mine. 

16  Feldspathic  emery,  Salt  Hill. 

17  Quartz  emery  schist.  Salt  Hill. 

All  analyses  made  by  G.  S.  Rogers. 

Production 

The  accompanying  table  shows  the  production  of  emery  in  the 
Peekskill  district  for  a  12-year  period,  during  which  the  output  has 
varied  considerably.  The  unusually  large  tonnages  recorded  for  the 
years  1916  and  1917  were  due  to  the  shutting  off  of  imports,  supplied 
mainly  in  normal  times  by  Grecian  and  Turkish  mines.  According 
to  figures,  of  the  United  States  Geological  Survey,  the  1923  imports  of 
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emery  and  corundum  were  unusually  large  and  had  a  value  of  $722,- 
688.  In  addition  to  the  domestic  supplies  of  emery  mined  in  the 
Peekskill  district  of  New  York,  Virginia  is  the  only  other  state  where 
emery  mining  is  carried  on  at  the  present  time.  Formerly  mines  at 
Chester,  Mass.,  were  operated,  but  the  supplies  are  reported  to  be 
exhausted. 

Production  of  emery  in  New  York  since  1913 


YEAR 


SHORT  TONS 

VALLE 

6ll 

$7  332 

763 

9  105 

3  895 

42  59i 

15  282 

123  901 

15  941 

170  223 

8  183 

61  660 

1  563 

13  459 

1  596 

14  375 

817 

6  421 

461 

3  427 

I  610 

II  426 

50  722 

$463  920 

I9U3 

1914 

1915 

1916 

1917 

1918 

1919 

1920 
1921 
1922 

1923 

1924  . 

Total 


The  following  operators  reported  production  from  the  Peekskill 
district  in  1924 :  Blue  Corundum  Mining  Company,  Easton,  Pa. ; 
Keystone  Emery  Mills,  Frankford,  Philadelphia,  Pa. ;  Niagara  Emery 
Mills,  Inc.,  Frankford,  Philadelphia,  Pa. ;  Smith  and  Ellis,  Peekskill, 
N.  Y. ;  J.  R.  Lancaster,  Adamite  Abrasive  Co.,  Box  222,  Peekskill, 
N.  Y. 
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FELDSPAR 

The  occurrence  of  feldspar  in  New  York  State  is  limited  to  the 
two  Precambrian  areas,  represented  by  the  Adirondacks  and  the 
Highlands  of  the  Hudson.  The  important  sources  of  feldspar  are 
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the  pegmatites,  which  are  coarse-textured  rocks  that  occur  in  dikes 
and  small  bosses.  In  composition,  the  pegmatites  are  much  like 
granites,  the  chief  minerals  being  feldspar,  quartz  and  mica.  Other 
minerals  often  in  large  crystals,  such  as  hornblende,  beryl  and  tour¬ 
maline,  are  found  associated  with  the  chief  components  of  the  pegma¬ 
tite  vein. 

Feldspar  as  mined  in  New  York  State  includes  several  mineral 
species  that  vary  considerably  in  chemical  composition  and  in  crystal 
properties  as  well.  Orthoclase  and  microcline  are  potash  feldspars 
and,  when  pure,  contain  16.8  per  cent  potash,  18.4  per  cent  alumina, 
and  64.7  per  cent  silica.  Albite  is  a  soda  feldspar  and  in  pure  form 
contains  11.8  per  cent  soda,  19.5  per  cent  alumina  and  68.7  per  cent 
silica.  Intermediate  between  the  orthoclase  and  albite  varieties  are 
several  other  feldspars  which  in  composition  show  gradations  from 
the  pure  potash  form  on  the  one  hand  to  the  pure  soda  feldspar  on 
the  other.  Moreover,  intergrowths  of  the  various  feldspars  may  be 
found  in  association. 

Feldspar  has  many  uses.  The  chief  use  of  the  potash  form  is  in 
the  pottery  industry  for  the  making  of  porcelain,  china  and  sanitary 
and  electrical  supplies.  Feldspar  for  these  purposes  should  be  free 
from  iron,  a  mere  trace  of  iron  condemning  it  for  any  of  the  high- 
grade  china  and  pottery  wares.  The  presence  of  quartz  with  feldspar 
up  to  a  certain  percentage  is  not  objectionable  since  quartz  is  a  neces¬ 
sary  ingredient  of  the  pottery  mix. 

Another  important  use  of  feldspar  is  in  the  manufacture  of  enamel 
ware,  glazed  brick  and  terra  cotta.  For  these  purposes  albite  is  in 
demand  because  of  its  employment  at  a  lower  melting  point  than  the 
orthoclase  type.  Ground  feldspar  is  used  in  the  manufacture  of 
washing  powders  and  scouring  soaps  and  is  employed  in  the  making 
of  abrasive  wheels,  being  mixed  with  emery  or  carborundum. 

The  various  unsorted  minerals  of  the  pegmatite  dikes,  when 
crushed,  are  used  for  roofing  material  and  also  are  employed  in  the 
manufacture  of  artificial  stone,  serving  as  facing  to  imitate  granite. 
The  extraction  of  potash  from  feldspar  has  been  attempted,  and 
many  processes  have  been  patented  for  its  recovery.  While  a  num¬ 
ber  of  these  processes  have  proved  workable,  the  production  costs 
have  thus  far  been  prohibitive. 

In  the  tables  of  production  which  follow,  feldspar  and  quartz  are 
combined  since  in  some  cases  the  feldspar  and  quartz  were  sold  as 
mined  and  it  has  been  impossible  to  segregate  the  production  of  either 
for  certain  years. 
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Production  of  feldspar  and  quartz  since  1919 


YEAR 

SHORT  TONS 

VALUE 

I919 . . . 

10  412 
22  29I 

11  577 
14  188 
18  520 
17  686 

$84  901 
l66  869 
102  O94 
90  968 
135  177 
120  739 

1920.  . . . . 

1921 . . . . . 

1922.  . . . . . 

I923 . . . . . 

I924.  . . . . .  ................ 

Total . .  .  .  .  . 

94  674 

$700  748 

In  the  Adirondack  region  the  principal  occurrences  of  feldspar  are 
at  its  borders  and  some  of  the  localities  are  as  follows :  Crown 
Point  and  Ticonderoga,  Essex  county ;  Chestertown,  Warren  county ; 
Fort  Ann,  Washington  county ;  Edinburg  and  Corinth,  Saratoga 
county ;  Mayfield,  Fulton  county ;  DeKalb  and  Fine,  St  Lawrence 
county ;  and  Kushaqua,  Franklin  county.  In  southeastern  New  York, 
the  important  feldspar  deposits  are  in  Bedford  township,  West¬ 
chester  county. 

The  companies  reporting  production  of  feldspar  in  1924,  were  the 
Bedford  Mining  Co.,  Inc.,  Bedford ;  Green  Hill  Mining  Co.,  Inc., 
Gouverneur,  with  mine  in  town  of  DeKalb ;  and  the  Adirondack  Spar 
Mining  Co.,  Ticonderoga.  The  United  States  Feldspar  Corp., 
Gloversville,  has  an  experimental  plant  at  Cranberry  Creek  in  the 
town  of  Mayfield,  Fulton  county,  but  had  no  commercial  output  in 
1924. 
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FULLER’S  EARTH 

Deposits  of  fuller’s  earth  were  formerly  worked  in  Oneida  county, 
but  of  late  years  there  has  been  no  production.  The  Oneida  county 
deposits  are  the  only  ones  of  quantity  thus  far  reported  in  the  state. 
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In  appearance  fuller’s  earth  resembles  clay,  but  it  usually  lacks  the 
plasticity  of  the  latter  mineral.  In  chemical  composition  except  for 
a  higher  water  percentage  it  does  not  differ  much  from  ordinary  clay. 
The  alumina  content  is  usually  less  than  25  per  cent.  Dry  fuller’s 
earth  when  touched  to  the  tongue  is  more  adhesive  than  most  clays, 
and  when  partially  submerged  in  water  it  will  absorb  the  water, 
swell  and  crumble  or  flow.  Practical  tests  are  necessary  to  determine 
the  commercial  worth  of  any  particular  deposit  of  fuller’s  earth. 

Formerly  fuller’s  earth  was  used  almost  exclusively  for  fulling  or 
cleansing  of  cloth,  but  its  use  now  has  been  widely  extended  to  refin¬ 
ing  operations  and  large  quantities  are  employed  in  decolorizing  oils 
both  vegetable  and  mineral,  such  as  cottonseed  oil  and  petroleum. 
Minor  uses  for  fuller’s  earth  include  its  employment  in  the  manu¬ 
facture  of  pigments,  and  its  use  as  a  substitute  for  talc  and  as  a 
reagent  in  food  analysis. 

The  New  York  deposits  of  fuller’s  earth  have  been  described  by 
Dr  H.  Ries  in  New  York  State  Museum  Bulletin  35,  pages  848-51, 
as  follows : 

In  New  York,  deposits  of  fuller’s  earth  occur  at  a  locality  known  as 
McConnellsville,  12  miles  north  of  Rome  on  the  Rome,  Watertown 
&  Ogdensburg  railroad.  The  deposit  has  been  worked  for  several  years 
by  the  New  York  Fuller’s  Earth  Co.,  and  is  a  fine-grained,  dense, 
Quaternary  clay  in  layers  2  to  8  inches  thick,  interbedded  with  layers 
of  sand  of  similar  thickness.  The  total  thickness  exposed  is  about 
15  feet,  and  there  is  a  capping  of  about  4  feet  of  sand.  To  mine  the 
earth,  the  overlying  sand  has  to  be  stripped  off  and  the  layers  of 
fuller’s  earth  taken  off  one  by  one,  and  spread  in  the  sun  to  dry,  the 
racks  being  movable,  so  that  they  can  be  shoved  under  cover  in 
stormy  weather.  Thus  far  this  fuller’s  earth  has  been  used  only  for 
cleansing  woolen  goods,  and  it  has  been  shipped  to  several  factories 
in  New  York  and  neighboring  states.  A  second  mine  of  the  same 
material  has  been  opened  on  an  adjoining  farm  by  M.  A.  Penfield. 
The  New  York  material  has  thus  far  not  been  used  for  clarifying 
purposes,  and  it  is  doubtful  if  the  deposit  from  McConnellsville  will 
prove  to  be  suitable  for  this  purpose. 

GARNET 

The  mining  of  garnet  is  a  well-established  industry  in  the  Adiron- 
dacks.  Here  are  centered  the  mines  which  have  over  a  period  of 
more  than  20  years  produced  90  per  cent  of  the  total  production  of 
the  United  States.  The  mineral  as  mined  is  the  common  or  almandite 
variety  which  is  a  silicate  of  aluminum  and  iron.  It  is  found  associ¬ 
ated  with  hornblende-feldspar  rocks  as  crystals  from  small  size  to 
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several  feet  across.  There  is  a  great  variation)  in  the  quantity  of 
garnet  present  in  the  various  rocks,  but  only  the  best  or  richest 
portions  are  exploited. 

The  variety  of  garnet  mined  has  a  hardness  ranging  from  7.5  to  8. 
This  is  above  the  average  for  this  mineral  (6-7.5)  and  is  thus  inter¬ 
mediate  between  quartz  (7)  and  corundum  (9). 

The  garnet  is  mined  for  the  most  part  by  the  usual  quarry  methods, 
crushed  and  concentrated  for  the  market.  Abundant  hornblende  is 
associated  with  the  garnet,  and  as  its  specific  gravity  is  but  little 
greater  than  hornblende,  difficulty  attends  the  separation  of  the  two, 
but  with  perfected  concentrators  now  in  use,  garnet  may  be  obtained 
with  less  than  5  per  cent  impurities.  The  association  with  horn¬ 
blende  rock  or  amphibolite  which  shows  evidences  -of  metamorphism 
suggests  that  the  formation  of  the  garnet  is  a  result  of  recrystalliza¬ 
tion  brought  about  by  a  metamorphic  process. 

The  garnet  has  a  deep  reddish  color  and  only  occasionally  speci¬ 
mens  are  found  that  approach  gem  quality.  The  large  individual 
garnets  seldom  show  crystal  boundaries  and  are  usually  so  shattered 
that  they  are  readily  broken  to  small  grains.  Garnet  has  imperfect 
cleavage  but  there  is  a  marked  tendency  to  parallel  parting.  This 
property  gives  a  smooth  surface  for  the  attachment  of  the  particles 
of  paper  and  at  the  same  time  gives  a  good  cutting  edge. 

Garnet  is  used  mainly  in  the  shoe  and  woodworking  industries, 
although  some  of  the  poorer  grades  are  sometimes  mixed  with 
emery  or  corundum  for  the  making  of  certain  grades  of  abrasive 
wheels. 

At  present  all  the  active  garnet  mines  are  located  in  the  upper 
Hudson  valley.  North  Creek,  the  terminus  of  the  Delaware  and 
Hudson  railroad,  is  the  principal  point  of  shipment.  As  found  in 
the  mine,  the  garnet  forms  bands  and  lenses  in  the  more  acid  gneiss 
which  forms  the  country  work  of  the  region. 

The  occurrence  of  garnet  may  be  said  to  be  widespread  in  the 
Adirondacks  and  other  regions  where  the  rock  has  a  metamorphic 
character.  Only  seldom,  however,  is  it  found  in  deposits  of  sufficient 
size  and  richness  and  at  the  same  time  with  the  proper  physical 
qualities  to  warrant  commercial  exploitation. 

The  garnet  mines  in  the  Adirondacks  were  first  developed  for  com¬ 
mercial  production  in  1882.  The  earliest  operations  were  on  Gore 
mountain  in  connection  with  the  remarkable  mine  known  as  the 
Rogers  mine.  The  output  for  the  first  two  years  did  not  amount  to 
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more  than  a  few  tons  but  in  1892  the  production  had  grown  to  1475 
tons.  With  the  introduction  of  mechanical  methods  for  separation 
of  the  garnet  the  industry  was  put  on  a  firm  basis  and  has  maintained 
a  steady  growth  through  a  series  of  years. 


Production  of  garnet  in  New  York  since  1919 


YEAR 

SHORT  TONS 

VALUE 

JQIQ . . . . . . . . . 

4  623 

4  276 

2  998 

6  654 

7  662 

7  428 

$301  252 
359  425 

258  705 

546  879 
583  190 
623  472 

1 020 .  . . . . . . 

1921  .  . . . . . . 

IQ  22 . . . 

JQ2X  .  .  .  . . .  .  .  .  . . .  . . . 

IQ24.  . . .  . . .  . . 

Total . . . . .  . 

33  641 

$2  672  923 

Production 

The  production  of  garnet  from  the  Adirondacks  during  the  past 
three  years  shows  the  flourishing  condition  of  the  industry.  I11  1924 
the  production  amounted  to  7428  tons  valued  at  $623,472.  The  value 
is  the  largest  ever  recorded.  The  1923  production  shows  the  largest 
tonnage  amounting  to  7662  with  a  value  of  $583,190.  The  imports 
of  garnet  in  1923  as  published  by  the  United  States  Geological  Survey 
amounted  to  $93,803,  tonnage  not  given.  The  table  herewith  given 
shows  the  tonnage  and  value  of  garnet  produced  in  New  York  State 
since  1919. 

Locations  of  Deposits  and  Operators 

The  North  River  Garnet  Company,  North  River,  N.  Y.,  operates 
at  Thirteenth  lake.  Before  opening  this  quarry  in  1905,  this  com¬ 
pany  operated  a  short  distance  west  of  North  river. 

H.  H.  Barton  and  Sons  Company,  Philadelphia,  Pa.,  operates  on 
Gore  mountain  near  North  Creek. 

The  American  Glue  Company,  Boston,  Mass.,  until  recently  oper¬ 
ated  the  Crehore  mine  in  Essex  county.  It  is  located  about  five  miles 
northwest  of  North  river  on  the  Indian  Lake  road. 

The  Warren  County  Garnet  Mills,  Riparius,  N.  Y.,  operates  a 
mine  less  than  a  mile  west  of  the  Hudson  river.  This  mine  is  directly 
east  of  Wevertown. 

In  addition  to  the  above  active  garnet  mines  a  number  of  others 
have  been  recorded  which  at  one  time  or  another  have  produced 
more  or  less  garnet.  The  following  are  located  on  the  North  Creek 
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quadrangle  in  addition  to  the  one  operated  by  the  Warren  County 
Garnet  Mills:  (i)  on  Oven  mountain;  (2)  Rexford’s  mine  one- 
half  mile  southeast  of  Holcombville ;  (3)  mine  on  Parker  farm  just 
southwest  of  Daggett  pond ;  (4)  mine  about  three-quarters  of  a  mile 
east  of  Fuller  pond. 

South  of  Keeseville,  Essex  county,  a  mine  was  operated  for  a  'few 
years  on  the  slopes  of  Mount  Bigelow  near  the  Clinton  county  border. 

A  deposit  of  garnet  similar  to  the  one  on  Mount  Bigelow  has  been 
reported  from  the  vicinity  of  Mount  Pokamoonshine  southwest  of 
Mount  Bigelow.  Near  Willsboro,  Essex  county,  garnet  deposits  have 
been  recently  prospected  and  further  developments  may  be  expected. 

In  St  Lawrence  county  a  garnet  mine  three  miles  north  of  Gouver- 
neur  was  operated  for  a  time  but  has  not  been  active  for  a  number  of 
years. 

Outside  of  the  Adirondacks  there  are  somewhat  limited  garnet 
deposits  in  the  Highlands  of  southeastern  New  York  and  those  in  the 
vicinity  of  Peekskill  have  been  worked  in  a  small  way. 
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GRAPHITE 

The  mining  of  graphite  in  New  York  State — once  one  of  the  lead¬ 
ing  states  in  graphite  production — came  to  a  standstill  in  1921,  and 
since  that  time  the  mines  have  been  idle.  Although  no  statistics  may 
be  given  for  the  last  three  years  during  which  graphite  was  mined, 
it  may  be  stated  that  in  1919  the  value  of  the  graphite  produced  ex¬ 
ceeded  that  of  any  other  state.  In  1920  New  York’s  production 
stood  second  in  value  of  graphite  sold,  although  there  were  but  two 
operators.  In  1921  production  was  reported  by  but  one  firm.  The 
suspension  of  graphite  mining  in  New  York  is  due  simply  to  the 
low  price  of  graphite,  which  has  seriously  affected  the  industry 
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throughout  the  United  States.  This  is  shown  by  the  fact  that  in 
1918,  42  operators  reported  production,  while  in  1923  there  were 
only  seven.  Importations  of  foreign  graphite  at  present  dominate 
the  market,  and  with  the  low  prices  prevailing,  the  outlook  for  an 
early  reopening  of  the  graphite  mines  is  not  encouraging. 

In  the  accompanying  table  is  given  the  quantity  and  value  of 
graphite  mined  for  the  years  since  1904,  except  for  certain  years 
when  there  were  less  than  three  producers. 

The  graphite  mines  which  have  yielded  most  of  the  production  are 
found  on  the  eastern  border  of  the  Adirondacks  in  a  belt  extending 
from  the  vicinity  of  Saratoga  Springs  on  the  south  to  west  of  Lake 

Production  of  graphite  in  New  York  since  1904 


1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 


YEAR 


POUNDS 


VALUE 


3  132  927 
3  89 7  616 
2  8l I  582 
2  95O  OOO 

1  932  OOO 

2  342  OOO 
2  619  OOO 
2  510  OOO 
2  628  OOO 
2  25O  OOO 

2  483  339 

2  5OO  OOO 
a 

2  941  040 

3  266  318 

a 

a 

a 


$119  509 
142  948 
96  084 
106  951 
1 16  100 
140  140 
160  700 
137  750 
142  665 
1 12  500 
151  143 
162  OOO 
a 

261  548 
273  188 
a 
a 
a 


a  Figures  can  not  be  published,  there  being  less  than  three  producers. 

Champlain  at  the  north.  On  the  northwest  side  of  the  Adirondacks 
a  graphite  mine  is  located  at  Pope  Mills,  St  Lawrence  county.  In 
geologic  occurrences  the  graphite  deposits  are  found  in  the  ancient 
Precambrian  metamorphosed  sediments  known  as  the  Grenville  series. 
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GYPSUM 


The  production  of  gypsum  lias  shown  a  remarkable  growth  in  the 
State  during  recent  years.  Since  1904  the  annual  output  has  in¬ 
creased  from  151,455  tons  to  1,474,491  tons,  which  represents  the 
1924  production. 

The  mining  of  gypsum  has  been  carried  on  in  New  York  for  more 
than  100  years.  In  the  early  years  of  the  industry  the  product  was 
almost  entirely  used  for  agricultural  purposes  and  sold  under  the 
name  of  land  plaster.  For  many  years  the  annual  output  for  the 
purpose  of  land  plaster  was  about  30,000  tons.  The  increased  use  of 
limestone  and  lime  has  had  a  tendency  to  curtail  production  of  land 
plaster  for  agricultural  uses. 

One  of  the  large  demands  for  gypsum  at  present  is  for  use  as  a 
retarder  to  delay  the  set  of  cement.  For  this  purpose,  the  gypsum 
is  often  sold  in  a  crude  state  directly  to  the  cement  plants.  The 
greater  part  of  the  output,  however,  is  calcined  into  stucco.  The 
stucco  in  turn  is  either  converted  into  wall  plaster  by  the  addition  of 
some  kind  of  fibre,  such  as  hair  or  shredded  wood,  or  manufactured 
into  other  types  of  building  material,  such  as  plaster  and  wall  board, 
and  blocks  and  tiles  of  various  sizes  and  shapes.  The  blocks  and  tiles 
are  used  largely  for  fire-proof  construction  of  floors,  partitions  and 
roofs. 

A  new  use  for  gypsum  has  recently  been  described  by  Frank  A. 
Wilder  who  states : 


Calcined  gypsum,  as  the  cementitious  material  for  use  with  an 
aggregate  for  walls  poured  in  place,  entered  a  new  and  probably  an 
important  field  during  1925.  Dwellings,  garages  and  warehouses 
are  being  constructed  with  gypsum  floors,  roofs  and  walls  properly 
and  adequately  water-proofed.  Calcined  gypsum  in  this  connection 
has  a  number  of  advantages  over  portland  cement.  In  the  construc¬ 
tion  of  a  dwelling  of  average  size  from  20  to  30  tons  of  calcined 
gypsum  may  be  used,  whereas  one-tenth  of  this  amount  is  sufficient 
if  the  use  of  calcined  gypsum  is  confined,  as  is  now  the  custom,  to 
the  interior  plastered  surfaces.  A  considerable  expansion  of  the 
industry  in  the  production  of  gypsum  for  the  above-named  purpose  is 
possible. 

The  gypsum  deposits  of  New  York  are  confined  to  what  are  known 
as  the  Camillus  shales,  one  of  the  higher  formations  of  the  Salina 
series.  Gypsum  beds  occur  in  Madison  county  and  in  the  counties 
westward  from  that  point,  including  Onondaga,  Cayuga,  Seneca, 
Ontario,  Monroe,  Genesee  and  Erie.  Present  activities  are  centered 
almost  entirely  in  Monroe,  Genesee  and  Erie  counties.  The  great 
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increase  in  demand  for  gypsum  at  present  occasions  some  apprehen¬ 
sion  for  future  supplies.  If  the  less  pure  grades  of  gypsum,  found 
at  the  east  end  of  the  district,  could  be  utilized  with  advantage  in  a 
commercial  way,  it  would  greatly  augment  future  expansion  of  the 
industry  in  the  State. 

A  new  deposit  of  gypsum  was  discovered  during  the  summer  of 
1925  near  Clarence  Center,  Erie  county.  The  deposit  is  west  of  the 
Akron  district.  It  is  said  that  tests  thus  far  made  have  shown  the 
presence  of  5,000,000  tons  of  gypsum,  with  possibilities  that  the 
deposit  may  yield  10,000,000  tons.  The  gypsum  is  reported  to  lie 
below  twenty  feet  of  soil  and  twenty-five  feet  of  limestone.  The 
gypsum  is  reported  to  be  of  excellent  quality  and  occurs  in  a  bed  four 
feet  thick.  A  company  recently  formed,  known  as  the  National 
Gypsum  Company  will  mine  the  deposit  and  will  manufacture  plaster 
wall  board. 

An  important  consideration  brought  out  rather  prominently  by  D. 
H.  Newland  is  the  fact  that  as  the  gypsum  beds  increase  in  depth 
toward  the  south  along  the  line  of  dip,  the  beds  of  gypsum 
(CaS04+2H20)  gradually  change  to  anhydrite  (CaS04).  Accord¬ 
ing  to  Newland,  the  critical  depth  is  around  250-300  feet,  below  which 
with  a  few  exceptions  only  anhydrite  is  found.  Unfortunately  anhyd¬ 
rite  can  not  be  used  for  the  purposes  for  which  gypsum  is  employed, 
and  thus  far  has  been  of  little  use  commercially.  Experiments  are 
under  way,  however,  by  the  United  States  Bureau  of  Mines  which 
may  result  in  the  development  of  a  practical  process  for  converting 
anhydrite  into  the  gypseous  form.  Tests  on  the  use  of  anhydrite  as 
a  cement  retarder  have  also  been  carried  on,  and  the  results  seem  to 
show  that  when  mixed  with  gypsum  satisfactory  results  have  been 
obtained  although  it  has  little  retarding  value  when  used  alone. 


Production  of  gypsum  in  New  York 


YEAR 

MINE  OUTPUT 

IN  SHORT  TONS 

VALUE 

I9I9 . 

591  153 
780  295 

7 12  665 

I  O55  302 

I  361  Il6 

i  474  49i 

$3  530  743 
6  438  929 
6  410  221 
8  807  366 
10  344  745 
14  329  246 

1920 . 

I923.  .  . . . 

1924. . . . . . . 

Total . 

5  975  022 

$49  861  250 
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Production  of  gypsum  in  New  York 


MATERIAL 

1919 

1920 

SHORT 

TONS 

VALUE 

SHORT 

TONS 

VALUE 

Total  mine  output . 

591  153 
210  959 

5  458 
316  767 

780  295 
255  567 
15  510 
387  856 

Sold  crude . . . 

$596  355 
23  984 

2  9IO  404 

$919  641 
67  862 
5  45i  426 

Ground  for  land  plaster .... 
Wall  plaster,  etc . 

Total . 

$3  530  743 

$6  438  929 

Production  of  gypsum  in  New  York 

MATERIAL 

1921 

1922 

SHORT 

TONS 

VALUE 

SHORT 

TONS 

VALUE 

Total  mine  output . 

712  665 
l86  223 
20  081 
418  695 

I  055  302 
267  822 
13  708 
631  735 

Sold  crude . 

$610  235 
84  283 

5  7i 5  703 

$801  848 
49  537 
7  955  981 

Ground  for  land  plaster .... 
Wall  plaster,  etc . 

Total . 

$6  410  221 

$8  807  366 

Total  mine  output. . 

I 

923 

1924 

I  361  Il6 
228  831 

I  249 
823  24I 

1  474  491 
334  766 

1  075 

1  019  319 

Sold  crude . 

$712  093 

5  906 

9  626  746 

$9 77  286 
5  49i 
13  346  469 

Ground  for  land  plaster .... 
Wall  plaster,  etc . 

Total . 

$10  344  745 

$14  329  246 
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The  companies  reporting  production  of  gypsum  in  1924  were  the 
following,  operating  in  Monroe,  Genesee  and  Erie  counties : 


OPERATOR  ADDRESS  LOCATION  OF  MINE 

Beaver  Products  Co.  Inc.. .  .  Buffalo,  N.  Y .  Akron,  Erie  county 

Universal  Gypsum  Co .  Chicago,  Ill .  Akron,  Erie  county,  also 

owns  lease  in  Genesee 
county 

Niagara  Gypsum  Co .  Buffalo,  N.  Y .  Oakfield,  Genesee  county 

Oakfield  Gypsum  Products 

Corporation .  Oakfield,  N.  Y .  Alabama,  Genesee  county 

United  States  Gypsum  Co. .  Chicago,  Ill. . . .  Oakfield,  Genesee  county 

Phoenix  Gypsum  Co .  Basom,  N.  Y.  . .  Alabama,  Genesee  county 

Ebsary  Gypsum  Co.,  Inc. .  .  Scottsville,  N.  Y.  .  .  .  Wheatland,  Monroe  county 

Empire  Gypsum  Co .  Rochester,  N.  Y .  Garbutt,  Monroe  county 

Lycoming  Calcining  Co ...  .  Williamsport,  Pa ...  .  Garbutt,  Monroe  county 


The  production  of  gypsum  in  the  State  since  1919  is  given  in  the 
above  table,  which  includes  both  mine  output  in  tons  and  values. 
Additional  tables  giving  the  tonnages  and  values  of  gypsum  for  the 
1919-24  period,  together  with  the  purposes  for  which  the  gypsum 
was  used,  are  also  presented. 
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IRON  ORE 

Iron  ore  is  by  far  the  most  important  metallic  mineral  mined  within 
the  State.  The  industry  of  iron  mining  dates  from  early  colonial 
days.  Limonite  was  mined  as  early  as  1750  in  Dutchess  county  and 
even  earlier  in  Columbia  county.  The  year  1750  also  saw  the  begin¬ 
ning  of  the  mining  of  magnetite  in  the  Highlands  of  the  Hudson. 
Among  the  mines  opened  for  magnetite  were  the  famous  Sterling 
mines  in  southern  Orange  county,  which  up  to  June  1923  were 
operated  almost  continuously.  A  furnace  was  erected  at  the  Sterling 
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mines  in  1751  and  the  iron  made  there  was  used  in  supplying  the 
needs  of  the  American  Army  during  the  Revolutionary  War.  Another 
magnetite  mine  in  the  Highlands  back  of  West  Point,  known  as  the 
Forest  of  Dean  mine,  was  opened  about  1756  and  is  still  being  oper¬ 
ated.  The  magnetite  ores  of  the  Adirondacks  were  first  mined  about 
1800.  The  earliest  operations  were  in  the  Champlain  valley  and  soon 
after  many  mines  were  opened  and  local  furnaces  established  at  vari¬ 
ous  points  in  the  Adirondacks. 

Magnetite 

The  magnetite  deposits  of  the  State  are  confined  to  the  Precambrian 
areas  of  the  Adirondacks  and  the  Highlands  of  the  Hudson.  Magne¬ 
tites  are  black  ores  and  are  attracted  by  the  magnet.  This  property 
of  the  ore  is  made  use  of  in  the  magnetic  separator  which  makes 
possible  shipments  free  from  rock  material.  Magnetite  when  pure 
contains  72.4  per  cent  of  iron  and  27.6  per  cent  of  oxygen,  the  iron 
content  being  the  highest  percentage  of  any  iron  ore.  In  fact,  some 
of  the  shipments  from  the  Adirondacks  have  been  notable  for  their 
high  iron  content,  approaching  closely  the  theoretical  limit. 


Production  of  iron  ore  in  New  York  State  since  1919 


YEAR 

MAGNETITE 

IN  LONG 

TONS 

HEMATITE 

IN  LONG 

TONS 

TOTAL 

IN  LONG 

TONS 

TOTAL 

VALUE 

1919 

666  176 

44  150 

710  326 

$4  037  225 

1920 . 

95°  537 

22  372 

972  909 

6  321  999 

1921 . 

174  368 

2  445 

176  813 

961  477 

1922 . 

191  195 

14  769 

205  964 

1  163  040 

1923 . 

722  096 

12  849 

734  945 

3  320  004 

1924 . 

303  386 

12  966 

316  352 

1  512  57i 

Total . 

3  007  758 

109  551 

3  11 7  309 

$17  316  316 

The  most  productive  group  of  mines  in  the  Adirondacks  are  those 
located  at  Mineville.  These  mines  include  what  is  known  as  the  21- 
Joker-Bonanza  group,  the  Harmony  deposits  at  the  west  of  the  first- 
named  group,  the  Barton  hill  mines,  the  Smith  mine  to  the  east  of 
Fisher  hill  and  the  Sherman  mine  one-half  mile  north  of  the  Smith 
mine. 

East  of  Mineville  near  the  shore  of  Lake  Champlain,  two  miles 
north  of  Port  Henry,  is  the  Cheever  mine,  the  oldest  in  the  region. 
Two  other  mines  in  the  district  are  known  as  the  Pilfershire  and  Lee 
mines,  but  these  have  not  been  operated  in  many  years. 
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In  Clinton  county,  to  the  north  and  east  of  Ausable  Forks,  is  a 
group  of  magnetite  deposits,  one  of  the  largest  in  the  Adirondacks, 
which  is  made  up  of  several  belts — the  Cook  hill  group,  the  Arnold 
hill  group,  the  Palmer  hill,  Jackson  hill  and  other  ore  bodies  farther 
north.  ' 

In  the  Saranac  valley  are  located  a  number  of  magnetite  mines 
which  formerly  were  actively  operated,  but  at  present  the  only  active 
operations  are  on  Lyon  mountain,  where  operations  are  conducted  by 
the  Chateaugay  Ore  and  Iron  Company.  On  the  western  side  of  the 
Adirondacks  two  well-known  mines  are  the  Benson  and  Clifton 
mines  in  St  Lawrence  county.  Other  mines  and  deposits  of  mag¬ 
netite  are  located  in  St  Lawrence  county,  but  none  of  the  mines  of  the 
county  has  been  worked  for  a  number  of  years. 

Hematite 

The  main  deposits  of  hematite  (Fe203,  iron =70  per  cent,  oxy- 
gen~30  per  cent)  in  the  State  occur  in  two  separate  regions  and 
under  widely  different  geological  conditions.  One  of  the  regions  is 
in  St  Lawrence  and  Jefferson  counties  where  hematite  occurs  asso¬ 
ciated  with  Precambrian  (Grenville)  limestones  and  schists.  In 
several  localities  hematite  is  found  directly  below  the  Potsdam  sand¬ 
stone,  which  formation  when  present  overlies  the  Precambrian  of  this 
district.  The  Jefferson  and  St  Lawrence  county  hematite  ores  occur 
in  a  few  narrow  belts  which  extend  in  a  northeast-southwest  direc¬ 
tion  through  the  towns  of  Antwerp  and  Theresa,  Jefferson  county, 
and  Gouverneur,  Rossie,  Hammond,  Macomb,  Fowler,  Edwards, 
Hermon,  DeKalb  and  Canton,  St  Lawrence  county.  The  total 
output  of  the  mines  has  been  estimated  at  about  2,500,000  tons. 
During  the  past  few  years  none  of  the  mines  has  been  active. 

The  most  important  hematite  deposits  in  the  State  are  found  in 
the  sedimentary  rocks  of  the  Clinton  formation.  The  Clinton  beds 
of  the  State  dp  not  everywhere  contain  iron  ore  beds  but  in  the  stretch 
between  Herkimer  county  on  the  east  and  Monroe  county  on  the 
west,  a  distance  of  about  120  miles,  one  or  more  beds  of  iron  ore 
are  present.  In  the  eastern  part  of  the  belt  the  ore  has  been  exten¬ 
sively  worked  in  the  vicinity  of  Clinton,  Oneida  county.  The  ore 
bed  mined  at  Clinton  is  of  the  oolitic  variety.  There  is  also  present 
a  higher  bed  of  fossil  ore  that  has  not  been  mined,  owing  to  its  low 
iron  content.  Further  west  between  Clinton  and  Verona  there  are  a 
number  of  old  workings,  and  at  Sterling  Station,  Cayuga  county,  the 
hematite  is  being  mined  for  paint  ore.  In  Wayne  county  near  the 
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western  end  of  the  belt  the  only  mine  at  present  operated  is  at 
Fruitland  in  the  town  of  Ontario,  where  fossil  ore  is  obtained  for 
paint  purposes. 

In  addition  to  the  magnetite  and  hematite  deposits,  there  are 
deposits  of  limonite  and  carbonate  of  iron  in  Dutchess  and  Columbia 
counties.  Deposits  of  limonite  also  occur  on  Staten  Island  and  at 
the  Townsend  iron  mine  near  Idlewild,  Orange  county.  At  the 
Orange  county  locality  the  limonite  is  associated  with  Devonian 
limestone  formations.  None  of  the  limonite  ores  of  the  State  has 
been  mined  since  1917,  and  the  last  production  of  carbonate  ores 
was  in  1901. 

Production  or  shipments  of  iron  ore  in  1924  was  reported  by  the 
following  firms : 


NAME  AND  ADDRESS  OF 
OPERATOR 


NAME  OF  MINE 


LOCATION  OF  MINE 


Magnetite 

Fort  Montgomery  Iron  Corp., 

20  Vesey  street,  New  York.  Forest  of  Dean ...  .  Fort  Montgomery,  Orange 

county 

Chateaugay  Ore  &  Iron  Co., 

26  Liberty  street,  New 

York .  Chateaugay .  Lyon  Mountain,  Clinton 

county 

Port  Henry  Iron  Ore  Co., 

2  Rector  street,  New  York  Fisher  &  No.  21 ... .  Mineville,  Essex  county 
Witherbee,  Sherman  &  Co., 

S.  Main  street,  Port  Henry  New  Bed  (Barton 

Hill),  Harmony, 

Old  Bed,  Sherman, 

Smith  &  Cheever.  Mineville,  Essex  County 


Hematite 


Mines, 


Clinton  Hematite  Clinton,  Oneida  county 
Mines 


Clinton  Hematite 
Clinton 
Clinton  Metallic  Paint  Co., 

Clinton  .  Franklin .  Clinton,  Oneida  county 

Fruitland  Iron  Ore  Co.,  640  .  Ontario  (Fruitland),  Wayne 

N.  13th  street,  Easton,  county 

Pa. 

In  addition  to  the  above  the  hematite  mine  located  at  Sterling 
Station,  Cayuga  county,  was  reopened  for  the  production  of  paint 
ore  in  1925  by  Stanley  Doggett,  Inc.,  99  John  &  11-13  Cliff  street, 
New  York. 
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LEAD 

Galena  (PbS),  the  chief  source  of  lead,  has  been  mined  in  the 
State  at  various  times  during  the  past  100  years.  At  present  there 
are  no  active  mines.  The  last  production  reported  was  in  1918  when 
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one  of  the  mines  in  the  Shawangunk  mountain  district  produced  29 
short  tons  of  lead  valued  at  $4161,  together  with  129  ounces  (Troy) 
of  silver.  I11  a  number  of  occurrences  the  galena  is  associated  with 
the  zinc  ores  to  which  further  reference  is  given  under  zinc.  In  St 
Lawrence  county  lead  mines  have  been  worked  in  the  towns  of 
Rossie  and  Macomb ;  also  west  of  St  Lawrence  county  in  the  town  of 
Alexandria,  Jefferson  county.  The  galena  is  here  found  in  veins  with 
cal  cite  as  a  gaiigue.  Most  of  the  veins  are  in  Precambrian 
gneiss  but  some  of  the  veins  extend  into  the  overlying  Potsdam 
sandstone.  In  several  of  the  lead  veins  about  Rossie,  cerussite,  the 
carbonate  of  lead,  is  found  associated  with  the  galena.  In  the 
.Shawangunk  mountain  region  lead  mines  have  been  operated  either 
for  lead  alone  or  for  lead  and  zinc  at  Ellenville,  Summitville,  Spring 
Glen  and  at  two  localities  near  Guymard.  All  the  mines  here  are 
in  the  Shawangunk  grit  or  conglomerate,  which  is  of  Silurian  age. 
In  Columbia  county  galena  occurs  at  a  number  of  places  and  was 
once  mined  at  a  locality  known  as  the  Ancram  Lead  Mines.  A 
number  of  additional  occurrences  of  galena  have  been  recorded  in 
various  sections  of  the  State.  These  include  Smithfield,  Dutchess 
county;  Ossining,  Westchester  county;  White  Creek,  Washington 
county ;  Speakers  Basin,  Montgomery  county ;  also  in  Lewis,  Oneida 
and  Monroe  counties. 
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MARL 

Marl  is  a  form  of  unconsolidated  limestone.  In  its  areal  distribu¬ 
tion,  mode  of  occurrence  and  physical  characters,  it  differs  widely 
from  the  hard  limestones.  It  is  its  chemical  composition  alone  which 
makes  the  use  of  marl  possible  for  a  number  of  purposes  in  place  of 
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limestone.  The  unconsolidated  character  of  the  marl  deposits  is  due 
to  their  having  been  formed  largely  during  the  Quaternary  period 
and  their  not  having  been  subjected  to  conditions  favorable  to  con¬ 
solidation  as  have  the  limestones  of  older  geological  ages. 

The  deposits  of  marl  are  found  mainly  in  swampy  areas  and  often 
in  association  with  beds  of  peat,  clay  and  sand.  The  peat  beds  when 
present  overlie  the  marl.  The  chief  impurities  of  marl  as  mined 
consist  of  small  amounts  of  sand  and  clay.  The  origin  of  marl  is 
brought  about  in  bodies  of  water  by  tributary  streams  holding  lime 
and  carbon  dioxide  in  solution.  The  lime  is  precipitated  through 
loss  of  the  carbon  dioxide  held  in  solution,  which  process  is  greatly 
aided  by  evaporation  of  the  water  and  increased  temperature.  In 
some  cases  deposition  takes  place  directly  along  streams  or  at  springs. 
Under  such  circumstances  living  plants,  such  as  algae,  rob  the  water 
of  carbon  dioxide,  thus  causing  a  deposition  of  the  lime,  encrusting 
and  inclosing  the  plant  remains.  Deposits  of  this  nature  are  known 
as  calcareous  tufa  or  travertine.  They  are  more  compact  than  marl 
and  a  number  of  deposits  of  the  State  are  of  sufficient  size  for  quar¬ 
rying  and  to  a  small  extent  the  deposits  have  been  worked. 

Occurrence 

Marl  deposits  have  been  reported  from  nearly  every  county  of  the 
State.  The  more  important  deposits,  however,  are  found  in  central 
and  western  New  York.  South  of  Oneida  lake,  Cowaselon  swamp 
contains  several  thousand  acres  of  marl,  in  most  cases  overlain  by 
peat.  The  maximum  thickness  reported  is  30  feet.  In  Onondaga 
county  marl  has  been  reported  in  the  swamps  in  the  towns  of  Fabius, 
Tully,  Camillus,  DeWitt,  Manlius,  Elbridge  and  VanBuren.  West 
of  Syracuse  at  Warners  the  Empire  Portland  Cement  Company 
formerly  excavated  marl  for  the  purpose  of  cement-making.  The 
American  Portland  Cement  Company  also  worked  a  marl  deposit 
west  of  Warners  near  Jordan.  Both  the  cement  plants  were  dis¬ 
mantled  some  years  ago. 

The  use  of  marl  for  cement-making  has  not  proved  practical  al¬ 
though  the  content  of  lime  carbonate  is  above  90  per  cent.  Marl 
when  freshly  dug  has  a  large  moisture  content  often  equal  in  weight 
to  that  of  the  marl  itself.  The  cost  of  handling  this  dead  weight 
and  the  expense  involved  in  drying  and  briquetting  the  marl  before 
it  is  ready  for  the  kiln  has  led  to  the  abandonment  of  all  the  portland 
cement  plants  using  marl  as  a  raw  material. 
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In  Cayuga  and  Seneca  counties  the  Montezuma  marshes  contain 
large  deposits  of  marl.  In  Wayne  county  some  large  deposits  are 
found  in  the  southeast  portion  and  many  beds  have  been  reported 
from  various  towns  in  the  county.  In  the  southern  part  of  Monroe 
county  marl  has  been  reported  at  several  localities.  Near  Caledonia, 
Livingston  county,  the  Iroquois  Portland  Cement  Company  formerly 
utilized  the  marl  at  that  place.  In  Genesee  county  deposits  of  marl 
occur  near  Bergen,  LeRoy  and  Batavia.  Marl  is  also  reported  from 
Silver  lake  in  Wyoming  county.  In  Chautauqua  county  deposits  are 
found  at  Cassadaga  lake  and  along  the  southern  end  of  Chautauqua 
lake.  In  Steuben  county  there  are  numerous  beds  of  marl  and  cal¬ 
careous  tufa.  The  marl  beds  of  this  county  formerly  furnished 
material  for  two  portland  cement  plants.  In  the  Mohawk  valley  marl 
has  been  reported  from  near  Canajoharie,  Fort  Plain  and  Fonda. 
In  the  Hudson  valley  some  of  the  most  important  marl  deposits  are 
found  in  Saratoga,  Columbia,  Albany,  Greene,  Dutchess  and  Orange 
counties.  At  the  present  time  the  production  of  marl  on  a  commer¬ 
cial  scale  in  New  York  State  is  very  limited.  In  1924  production  was 
reported  by  but  one  firm.  This  was  the  Bone  Dry  Limestone  Cor¬ 
poration,  Dunkirk,  N.  Y. 
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MICA 

The  commercial  production  of  mica  in  New  York  has  never  be¬ 
come  a  settled  industry.  Many  prospects  and  mines  have  been  opened 
up  in  various  sections  of  the  Adirondacks  and  the  Highlands  of  the 
Hudson.  Small  amounts  have  been  mined  from  time  to  time  either 
alone  or  in  connection  with  other  minerals  such  as  feldspar  and 
quartz,  the  association  of  these  three  minerals  in  pegmatite  veins 
having  made  possible  the  production  of  mica  as  a  secondary  product. 
The  mining  of  mica  is  attended  with  certain  technical  difficulties  and 
operations  for  the  most  part  must  be  on  a  small  scale,  since  modern 
labor  saving  devices  can  not  well  be  used  to  advantage.  The  cost  of 
mining  operations  is  therefore  largely  dependent  on  labor  conditions. 
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Several  varieties  of  mica  occur  in  the  State.  The  important  ones 
from  a  commercial  point  of  view  are  muscovite,  biotite  and  phlogo- 
pite.  All  three  kinds  have  been  mined.  Muscovite  is  also  at  times 
called  white  mica  in  allusion  to  its  transparency.  Certain  deposits, 
however,  have  a  dark  color  and  in  this  respect  closely  resemble  bio¬ 
tite.  Biotite  usually  has  a  dark  brown  color  and  is  transparent  only 
in  very  thin  sheets.  Phlogopite  is  usually  yellow  or  amber  in  color 
but  occurs  at  some  localities  with  a  reddish  or  greenish  tinge.  Small 
flakes  of  yellow  mica  when  mixed  with  other  material  such  as  sand 
are  frequently  mistaken  for  gold. 

Mica  serves  a  variety  of  uses.  As  sheet  mica  it  is  employed  ex¬ 
tensively  in  the  electrical  industry  for  such  uses  as  insulators,  in  fuse 
boxes,  for  spark  plugs,  telephones  and  for  washers  and  discs  in  elec¬ 
trical  machinery.  Sheet  mica  is  also  used  for  glazing  stove  fronts, 
for  furnace  sights,  lamp  chimneys,  goggles,  in  windows,  and  in  lantern 
transparencies.  Ground  mica  is  used  in  paints,  for  decoration  in  wall 
paper,  ornamental  tiles,  for  artificial  stone,  in  pipe  and  boiler  cover¬ 
ings,  as  patent  roofing  material  and  as  a  filler  in  various  manufactured 
products.  Mica  also  forms  the  basis  of  a  number  of  products  sold 
under  trade  names  such  as  micalite,  micanite,  micabeston,  micabond 
and  rimco. 

Among  the  localities  in  the  State  where  deposits  of  mica  have  been 
recorded  are  the  following:  Batchellerville,  Saratoga  county  ;  Crown 
Point  and  Ticonderoga,  Essex  county;  Orange  county,  near  Lake 
Mombasha  in  town  of  Monroe  and  near  Greenwood  lake,  eight  miles 
southwest  of  Warwick,  near  Chestertown,  Warren  county;  Jefferson 
county,  near  Henderson  and  Muscalonge  lake  in  the  town  of  Theresa. 
In  St  Lawrence  county  mica  was  mined  near  Oswegatchie  until  1923 
when  the  mine  was  taken  over  by  a  water  power  development  com¬ 
pany  and  the  mine  was  flooded.  Other  mica  deposits  in  St  Lawrence 
county  include  those  at  Somerville  and  at  Edwards. 

MILLSTONES 

Millstones  are  produced  in  New  York,  Virginia,  North  Carolina, 
Pennsylvania  and  Alabama.  The  market  for  millstones  has  been 
curtailed  for  some  years  because  of  the  introduction  of  superior  forms 
of  grinding  machinery,  such  as  rolls  and  ball  mills'.  In  former  years 
the  annual  production  of  millstones  in  New  York  alone  often  exceed-, 
ed  $100,000.  Since  1888  the  value  of  the  annual  production  of  mill¬ 
stones  in  the  United  States  has  been  less  than  this  amount. 


NEW  YORK  STATE  MUSEUM 


56 

The  table  herewith  given  shows  the  production  of  millstones  m 
New  York  during  recent  years.  Handmade  millstones  are  still  being 
produced  for  some  corn  and  mustard  mills  in  the  South.  Millstones 
are  also  used  by  manufacturers  of  cement  and  talc  and  for  grinding 
quartz,  feldspar,  barytes  and  mineral  paint. 


Production  of  millstones  since  1919 

year 

1919  . . . . . 

1920  . 

1921  . . . 

1922  . 

1923  . 

1924  . . . . . . . 


VALUE 

$10  155 

13  331 

14  672 

17  025 
10  344 

18  215 


Total 


$83  742 


In  New  York  the  raw  material  for  millstones  is  obtained  in  Ulster 
county,  the  trade  term  for  millstones  being  Esopus  stone.  Esopus 
is  an  early  name  for  Kingston,  which  was  formerly  the  main  point  of 
shipment.  The  material  for  millstones  is  quarried  from  the  Shawan- 
gunk  conglomerate  which  is  found  near  the  western  base  of  the 
Shawangunk  mountain.  The  district  from  which  the  millstones  are 
obtained  is  somewhat  restricted,  being  confined  to  the  region  extend¬ 
ing  from  near  High  Falls  on  the  north  to  Kerhonkson  on  the  south, 
approximately  a  distance  of  10  miles. 

The  methods  employed  in  quarrying  the  stone  are  simple.  The 
stone  is  split,  advantage  being  taken  of  joints  and  bedding  planes. 
Tools  used  are  the  common  hand  drill  together  with  blocks,  and  some¬ 
times  blasting  is  employed  but  with  light  charges  of  powder.  The 
rough  stones  thus  obtained  are  dressed  and  finished  by  hand  methods, 
the  chief  tools  being  the  bull  point  and  hammer.  Drilling  the  “eye” 
is  performed  by  centering  the  stone  and  then  drilling  from  the  center 
of  both  faces.  In  many  millstones  the  eye  is  square.  In  making  a 
square  eye,  a  round  hole  is  first  drilled  and  then  squared  off. 

In  stones  used  for  grinding  paint  there  is  a  modification  from  the 
ordinary  millstone.  For  this  particular  use  the  stone  is  cut  in  halves 
and  an  iron  casting  is  placed  between  the  halves  which  are  then  joined 
together  by  an  iron  band. 

Chasers  as  a  rule  are  larger  than  the  regular  millstones.  They 
run  on  edge ;  that  is,  they  have  horizontal  shafts.  They  have  a  grind¬ 
ing  distance  from  about  two  feet  to  seven  feet  with  a  diameter  of  as 
much  as  22  inches.  These  chasers  are  run  on  pans  paved  with  blocks 
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often  of  the  same  material  as  the  chasers.  The  following  persons  or 
firms  are  producers  of  millstones,  all  in  Ulster  county. 


NAME 

E.  D.  Coddington . . 

Frank  Coddington . . 

Joachim  Coddington . . . . . 

Lester  Coddington . . . . . . 

Q.  D.  Coddington. . . . . 

W.  Davenport . . . . . . . . 

T.  S.  Depuy . . . . . . . 

Harry  Laurence . . . . . . 

Lange  Brothers . .  . . . . 

Asa  Purcell . . . . . . ... 

David  Purcell _ ..................  . . . . 

Ross  Schoonmaker . . . . . 

W.  C.  Addis  Stone  Company. . . 

Arthur  Rose . . . 

Wilfred  Coddington. . . 

Esopus  Millstone  Company.  C.  Schoonmaker.  Manager 

William  Countryman. . . . . 

Floyd  Decker . . 

Miles  Decker.... . . . . . 

Bruyn  Hasbrouck. . . . . . . . 


POSTOFFICE 

Accord 

Accord 

Accord 

Accord 

Accord 

Accord 

Accord 

Accord 

Accord 

Alligerville 

Alligerville 

Alligerville 

Granite 

Granite 

High  Falls 

High  Falls 

Kerhonkson,  R.  F.  D. 
Kerhonkson 
Kerhonkson 
New  Paltz 


MINERAL  PAINT 

Only  natural  mineral  materials,  which  in  their  preparation  require 
merely  washing  or  grinding  and  in  some  cases  calcination  to  improve 
their  color,  will  be  considered  here.  These  include  such  materials  as 
iron  ore,  shale,  slate  and  ochers.  Lead  and  zinc  pigments  are  not  in¬ 
cluded,  for,  while  manufactured  in  the  State,  their  manufacture  re¬ 
quires  elaborate  chemical  operations,  and  besides  most  of  the  zinc 
and  all  of  the  lead  so  utilized  is  obtained  from  without  the  State. 

The  most  important  source  of  mineral  paint  in  the  State  is  the 
Clinton  hematite,  an  ore  which  was  also  formerly  worked  extensively 
for  its  iron.  During  the  past  few  years  all  hematite  ore  mined  has 
been  used  for  paint  purposes.  The  annual  output  is  given  in  the  table 
showing  production  of  iron  ore. 

At  present  iron  ore  for  paint  is  produced  at  two  mines  at  Clinton, 
Oneida  county,  one  at  Sterling  Station,  Cayuga  county,  and  one  at 
Fruitland,  Wayne  county.  Both  the  oolitic  and  fossil  ores  are  mined 
for  paint  purposes.  In  the  red  hematite  belt  of  Jefferson-St  Law¬ 
rence  counties,  considerable  mineral  paint  was  produced  before  the 
closing  down  of  the  mines.  The  ore  here  is  without  fossil  or  oolitic 
structure  but  is  finely  divided,  and  the  softer  ores  yield  an  excellent 
paint  material.  Carbonate  and  limonite  ores,  suitable  for  metallic 
paint,  occur  in  southeastern  New  York,  but  none  is  mined  at  present. 
The  carbonate  gives  a  red  color  which  is  brought  out  by  calcination 
and  the  limonite  a  natural  brownish  yellow  color. 


NEW  YORK  STATE  MUSEUM 


Certain  shales  and  slates  by  reason  of  the  iron  oxides  which  they 
contain  and  also  because  of  their  suitability  for  grinding  are  made 
into  mineral  paints.  The  Cambrian  slates  of  Washington  county 
yield  a  variety  of  tints.  The  ground  slate  is  also  used  for  prepared 
roofing  and  for  mortar  colors.  Deposits  of  Devonian  shale  were 
formerly  mined  for  paint  at  Roxbury,  Delaware  county,  and  near 
Randolph,  Cattaraugus  county.  The  Vernon  red  shales  of  the  Salina 
formation  have  been  worked  for  paint  in  Herkimer  county,  and  in 
Ulster  county  the  red  shale  overlying  the  Shawangunk  grit  has  also 
been  the  source  of  paint  material. 

Ochers  are  of  rare  occurrence  in  the  State.  They  are  formed  by 
the  surface  weathering  of  iron-bearing  rocks,  but  in  most  places  the 
deposits  have  been  swept  away  by  glacial  action.  A  deposit  of  ocher 
located  in  a  depression  on  Crane  mountain,  Warren  county,  was 
worked  a  number  of  years  ago.  Ocherous  clays  are  found  associated 
with  some  of  the  limonite  deposits  of  Columbia  and  Dutchess  coun¬ 
ties,  but  there  is  no  record  that  they  have  been  used  for  paint  purposes. 

MINERAL  WATERS 

The  commercial  production  of  natural  mineral  and  potable  spring 
and  well  waters  constitutes  a  large  and  important  industry  of  the 
State.  In  addition  to  the  direct  revenue  received  from  the  sales  of 
spring  waters,  a  large  indirect  income  is  received  at  the  tourist  and 
health  resorts  which  have  grown  up  around  mineral  springs,  such  as 
Saratoga  Springs,  Richfield  Springs,  Sharon  Springs  and  Clifton 
Springs.  In  tables  of  production  and  values,  only  the  waters  actually 
sold  are  taken  into  account.  The  values  of  waters  used  at  health 
resorts,  such  as  bathing  establishments,  or  waters  given  away  at  any 
of  the  springs  are  not  included.  Neither  are  distilled  waters  included, 
nor  those  that  have  been  modified  in  character,  such  as  “soft  drinks” 
made  of  spring  waters.  In  some  cases,  however,  certain  quantities  of 
spring  water  sold  to  manufacturers  of  soft  drinks  are  included  at  the 
spring  water  prices.  For  the  most  part,  the  production  covered  by 
the  statistics  represents  the  natural  waters  as  they  come  from  the 
spring  and  are  sold  locally  or  shipped.  The  waters  are  usually  sold 
in  bottles,  carboys  or  tanks,  and  the  prices,  which  are  exclusive  of 
the  containers,  represent  those  at  the  spring  or  point  of  shipment. 

Most  of  the  spring  water  sold  in  the  State  is  reported  either  as 
table  or  medicinal  water.  The  distinction  is,  however,  more  or  less 
arbitrary,  and  water  from  some  springs  is  used  for  bath,  table  and 
medicinal  purposes.  Table  waters,  as  a  rule,  are  clear,  sparkling  and 
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without  any  mineral  taste  or  odor;  many  mineral  waters  are  highly 
mineralized  and  have  a  distinct  taste  and  odor.  Certain  table  waters, 
nevertheless,  are  more  highly  mineralized  than  some  medicinal 
waters,  and  the  latter  may  contain  less  mineral  matter  than  some 
municipal  water  supplies. 


Production  of  mineral  water  in  New  York  since  1904 


YEAR 

PRODUCTION 

IN  GALLONS 

VALUE 

I904-  . . . . 

8  OOO  000 

$1  OOO  OOO 

I905- . . 

8  OOO  000 

I  OOO  OOO 

I906 . . . . . . 

8  000  000 

I  OOO  OOO 

1907 . 

8  000  000 

I  OOO  OOO 

1908 . . . 

8  007  092 

877  648 

1909. . . . . .  •  •  •  • 

9  019  490 

857  342 

I9IO . 

8  432  672 

675  034 

I9II . 

8  923  628 

756  147 

1912.  . .  . 

9  682  447 

760  847 

I9I3- . 

9  448  348 

806  298 

*9*4' . . 

8  480  669 

769  932 

1915 . 

8  636  920 

745  530 

1916 . 

7  746  490 

697  650 

1917 . .  •  •  •  . .  •  . . . . 

7  819  314 

562  874 

1918. . . 

5  887  746 

566  910 

1919- . . . 

6  537  966 

815  615 

1920 . 

5  242  047 

671  066 

1921 . 

5  965  049 

736  173 

1922.  . . . . 

6  965  638 

800  831 

1923 . . . 

6  716  154 

803  433 

1924 . 

6  789  182 

81 1  465 

Total . 

172  300  852 

$16  714  795 

The  canvass  of  the  mineral  water  industry  is  attended  with  con¬ 
siderable  difficulty.  A  large  number  of  the  springs  are  employed 
only  intermittently  or  on  a  small  scale  and  no  accurate  account  is 
kept  of  sales.  For  the  most  part  the  statistics  presented  herewith 
represent  the  production  of  those  springs  only  which  have  had  a 
regularly  established  business  over  a  period  of  years  and  the  totals 
therefore  fall  considerably  short  of  the  actual  output  of  spring 
waters.  The  springs  reporting  production  in  1923  are  given  below: 

NAME  AND  ADDRESS  NAME  OF  SPRING  LOCATION  OF  SPRING 

Arlington  Water  Company,  Arlington .  Arlington,  Dutchess  county 

R.  D.  1,  Poughkeepsie 

Fred  O.  Baldwin,  Cayuga. . .  Baldwin  Mineral ....  Cayuga,  Cayuga  county 

Biochemic  Natural  Mineral  Biochemic .  Jamestown,  Chautauqua 

Water  Company,  James-  county 

town 

Breesport  Mineral  Water  Breesport  Oxygenated  Breesport,  Chemung  county 
Co.,  Breesport  Mineral  Spring 
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NAME  AND  ADDRESS 

George  Flanders,  R.  D.  2, 
Potsdam 

Cascadian  Products  Corp., 
Grand  View  via.,  Nyack 
Chemung  Spring  Water  Co., 
Chemung 

Chester  Crest,  P.  0.  Box 
472,  Mount  Vernon 
Mrs  Mary  A.  Coates, 
Franklin  Springs 
W.  H.  Stephenson,  Whites  - 
boro 

Dietade  Min.  Spring  Co., 
Inc.,  Keeseville 
Vermont  Spring  Water  Co., 
Inc.,  40  Beaver  street, 
Albany 

Mohawk  Spring  Water  Co., 
37  Henrietta  street,  Ams¬ 
terdam 

Morgan  Spring  Water  Co., 
R.  D.  1,  Rensselaer 
Questover  Spring  Water  Co., 
Inc.,  Moores  Mills 
Risley  Spring  Water  Co.,  R. 

D.,  Whitesboro 
Saratoga  State  Waters  Corp. 

Saratoga  Springs 
Saratoga  Vichy  Spring  Co., 
349  Broadway,  Saratoga 
Springs 

J.  W.  Peschette,  Ballston 
Spa 

Sparkling  Spring  Water  Co., 
124  Chester  street,  Buffalo 
Arthur  C.  Suppe,  Franklin 
Springs 

Standard  Spring  Water  Co., 
Troy 

H.  S.  Jenner,  56  Windsor 
street,  Rochester 
Taconic  Springs  Corp.,  81 
Franklin  street,  New  York 
Trespur  Water  Co.,  McGraw 
Batavia  Pure  Ice  &  Storage 
Company,  Batavia 
Eagle  Spring  Water  Co., 
Inc.,  245  W.  19th  street, 
New  York 

C.  J.  Lord,  298  Hoosick 
street,  Troy 

Frontenac  Crystal  Springs 
Co.,  Inc.,  R.  D.  3,  Clayton 
White  Sulphur  Springs  Co., 
Sharon  Springs 
Arthur  Jones,  Yorkville .... 


NAME  OF  SPRING 

Carrier . . . 

Cascadian . 

Chemung . . 

Chester  Crest . 

Clinton  Lithia  Spring. 
Crystalate  Spring. . . . 

Dietade . 

Mammoth . 

Mohawk . 


Morgan . 

Questover . 

Risley  Cold  Springs. . 

State  Seal,  Coesa, 
Geyser,  Hawthorne 
Saratoga  Vichy  and 
Victoria  2 

Sans  Souci . 

Sparkling . 

Split  Rock . 

Standard . 

Table  Rock  Mineral . 
Taconic . 


Trespur 
White  Bear. 


LOCATION  OF  SPRING 

Potsdam,  St  Lawrence 
county 

Grand  View  (Nyack),  Rock¬ 
land  county 

Chemung,  Chemung  county 

Mount  Vernon,  Westchester 
county 

Franklin  Springs,  Oneida 
county 

Whitestown,  Oneida  county 

Keeseville,  Essex  county 

North  Greenbush,  Rensselaer 

county 

Amsterdam,  Montgomery 
county 

Rensselaer,  Rensselaer 
county 

Moores  Mills,  Dutchess 
county 

New  York  Mills,  Oneida 
county 

Saratoga  Springs,  Saratoga 
county 

Saratoga  Springs,  Saratoga 
county 

Ballston  Spa,  Saratoga 
county 

Buffalo,  Erie  county 

Franklin  Springs,  Oneida 
county 

Troy,  Rensselaer  county 

Mendon,  Monroe  county 

Beacon,  Dutchess  county 

McGraw,  Cortland  county 

Stafford,  Genesee  county 


Eagle  Spring .  Lanesville,  Greene  county 


Quaker . 

Frontenac  Crystal . .  . 

Gardner  White 

Sulphur  Springs 
Glen  Alex .  . . 


Gramatan  Springs  Co.,  Inc.,  Gramatan . 

99  S.  Boulevard,  N.  Y. 

Granite  Springs  Estates,  Granite  Springs . 
Granite  Springs 


West  Sand  Lake,  Rensselaer 
county 

Clayton,  Jefferson  county 

Sharon  Springs,  Schoharie 
county 

Washington  Mills,  Oneida 
county 

Bronxville,  Westchester 
county 

Granite  Springs,  Westchester 
county 
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NAME  AND  ADDRFSS  NAME  OF  SPRING  LOCATION  OF  SPRING 


Great  Bear  Spring  Co.,  227  Great  Bear.  ........ 

Fulton  street,  New  York 
Mrs  R.  P.  Brewer,  R.  D.  2,  Greendale  Crystal 
Hudson  Springs 

J.  W.  &  W.  N.  Sowle,  Balls-  Hides-Franklin . 

ton  Spa 

Mammoth  Spring  Co.,  40  Mammoth . 

Beaver  street,  Albany 

Jubilee  Spring  Water  Co.,  Jubilee . 

Inc.,  1391  Delaware  ave¬ 
nue,  Buffalo 

References 


Fulton,  Oswego  county 

Greendale,  Columbia  county 

Ballston  Spa,  Saratoga 
county 

West  Sand  Lake,  Rensselaer 
county 

Buffalo,  Erie  county 


Kemp,  James  F. 

1912  The  Mineral  Springs  of  Saratoga.  N.  Y.  State  Mus.  Bui.  159, 
p.  1-80 

Newland,  D.  H. 

1921  Mineral  Waters.  The  Mineral  Resources  of  the  State  of  New 
York.  N.  Y.  State  Mus.  Bui.  223-24,  p.  158-62. 

Peale,  Albert  C. 

1894  Natural  Mineral  Waters  of  the  United  States.  U.  S.  Geol.  Surv. 
14th  Ann.  Rep’t,  Part  2,  p.  49-88 


NATURAL  GAS 

Natural  gas  has  been  produced  in  New  York  State  for  more  than 
100  years.  It  was  not,  however,  until  about  1864,  following  the 
discovery  of  oil  in  southwestern  New  York,  that  extensive  and  sys¬ 
tematic  exploration  of  the  gas  resources  of  the  State  was  under¬ 
taken.  The  production  of  natural  gas  in  New  York  reached  its  peak 
in  the  year  1914  after  having  shown  a  steady  annual  increase  for  18 
years  1897-1914.  Since  then  production  has  gradually  decreased 
from  8,714,681  M  cubic  feet  in  1914  to  6,196,000  M  cubic  feet  in 
1924.  In  addition  to  the  natural  gas  produced  in  the  State  about 
10,000,000  M  cubic  feet  are  received  annually  from  Pennsylvania. 
In  1923  there  were  more  than  197,000  domestic  and  industrial  con¬ 
sumers  of  natural  gas  in  the  State.  This  is  an  increase  of  more  than 
23,000  over  the  number  of  consumers  of  the  previous  year.  With 
the  ever-increasing  demand  for  natural  gas  and  the  gradual  exhaus¬ 
tion  of  the  present  producing  gas  pools  it  is  evident  that  new  supplies 
must  be  found  if  the  industry  is  to  be  maintained  anywhere  near  its 
present  position.  The  possible  exhaustion  or  curtailment  of  supplies 
from  Pennsylvania  is  also  a  factor  which  must  be  taken  into  account. 

At  present  about  20  gas  pools  have  been  developed  in  the  State. 
These  are  found  from  near  the  east  end  of  Lake  Ontario  in  Oswego 
county  to  Lake  Erie  at  the  west  end  of  the  State.  Approximately 
1900  wells  are  productive  and  in  addition  a  large  number  of  nonpro¬ 
ductive  or  dry  wells  have  been  recorded.  In  that  part  of  the  State 
lying  east  of  the  small  gas  pools  in  Oswego  county  no  gas  pools  have 
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been  developed  although  a  number  of  test  wells  have  been  drilled. 
In  nearly  every  instance,  however,  the  amount  of  gas  found  did  not 
warrant  further  drilling  of  wells. 

The  Trenton  limestone  is  the  lowest  formation  in  the  State  from 
which  natural  gas  has  been  obtained  in  quantity.  Gas  from  this  for¬ 
mation  has  been  obtained  in  Oswego,  Onondaga,  Erie  and  Niagara 
counties.  The  Medina  sandstone  is  the  most  prolific  gas-bearing 
formation  in  the  State  and  the  more  important  gas  production  in 
Cattaraugus,  Chautauqua,  Erie,  Genesee,  Livingston,  Monroe,  On¬ 
tario  and  Wyoming  counties  is  obtained  from  this  formation.  In 
Cattaraugus  and  Erie  counties  the  Onondaga  limestone  and  the  Salina 
waterlime  produce  gas.  The  Mareellus  shale  yields  gas  in  Cattarau¬ 
gus,  Erie,  Livingston  and  Ontario  counties.  In  Chautauqua,  Allegany 
and  Steuben  counties  gas  is  found  in  the  Chemung  and  Portage 
sandstones.  In  these  counties  gas  is  produced  from  many  of  the  oil 
wells  but  in  addition  to  the  gas  thus  obtained,  it  is  also  found  in  these 
counties  outside  the  limits  of  the  oil-producing  territory. 

In  the  table  presented  herewith  are  given  the  production  and  value 
of  natural  gas  since  1919  together  with  the  reported  number  of  pro¬ 
ducing  wells  for  those  years  when  records  were  available.  The 
number  of  wells  are  exclusive  of  those  which  produce  oil  as  well  as 
gas. 


Production  of  natural  gas  in  New  York  since  1918 


YEAR 

NUMBER 

OF  WELLS 

PRODUCTION 

IN  M 

CUBIC  FEET 

VALUE 

1918 . 

2  II4 

I  961 

I  972 

I  949 

8  460  583 

8  124  000 

8  419  000 

6  583  000 

6  947  145 

6  497  000 

6  196  000 

$2  820  000 

2  87O  OOO 

3  195  000 

2  798  OOO 

3  379  000 
3  739  000 
3  632  000 

1920 . . . 

1922 . 

1924 . 

Total . 

51  226  728 

$22  433  000 
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NATURAL  GAS  GASOLINE 

The  production  of  natural  gas  gasoline  from  natural  gas  is  a  devel¬ 
opment  of  the  present  century.  Experiments  on  the  extraction  of 
this  form  of  gasoline  were  under  way  in  the  eastern  states  as  early 
as  1900.  Between  1905  and  1908  further  experimental  work  on 
methods  of  extraction  was  carried  on  at  several  points  in  Pennsylva¬ 
nia  and  at  Bolivar,  N.  Y.  The  establishment  of  the  industry  on  a 
commercial  basis  dates  from  1909. 

Natural  gas  gasoline  is  sometimes  known  simply  as  gasoline  from 
natural  gas,  and  the  term  may  include  the  natural,  unmanufactured 
product  known  as  “drip”  gasoline.  The  latter,  which  is  often  formed 
in  the  gas  pipe  lines,  results  from  the  condensation  of  the  gasoline 
vapor  contained  in  natural  gas. 

Natural  gas  gasoline  may  be  manufactured  from  any  natural  gas 
that  contains  gasoline  vapor.  Gas  issuing  from  oil  wells  usually 
contains  considerable  gasoline  and  is  then  referred  to  as  a  “wet” 
gas.  Gas  from  an  oil  well  is  known  also  as  casinghead  gas  and  the 
gasoline  product  is  sometimes  called  casinghead  gasoline.  As  con¬ 
trasted  with  the  term  “wet  gas,”  the  name  “dry”  gas  is  applied  to 
natural  gas  that  has  but  a  small  gasoline  content.  The  terms  “wet 
gas”  and  “dry  gas”  are,  however,  merely  relative,  and  a  natural  gas 
that  would  be  called  wet  in  one  field  might  be  called  dry  in  another. 
In  some  districts  natural  gas  containing  more  than  a  gallon  of  gasoline 
to  1000  feet  of  gas  is  called  a  wet  gas.  In  practical  operations  the 
amount  of  gasoline  obtained  varies  from  a  fraction  of  a  gallon  to 
about  five  gallons  from  1000  feet  of  gas.  Various  processes  are  em¬ 
ployed  for  the  recovery  of  the  gasoline.  The  compression  method 
is  the  one  most  generally  employed,  but  for  the  “dry”  gases  the  ab¬ 
sorption  method  is  widely  used.  Recently  a  charcoal  process  has 
been  introduced  for  obtaining  gasoline  from  natural  gas  and  un¬ 
doubtedly  its  use  will  be  quite  general  in  the  near  future. 

The  gasoline  produced  directly  from  natural  gas  and  without  any 
further  treatment  is  known  as  raw  or  unblended  gasoline.  The  raw 
gasoline  is  highly  volatile  and  before  being  marketed  for  a  motor  fuel 
is  blended  with  naphtha  or  other  distillate,  thus  making  possible  a  high- 
grade  commercial  gasoline.  Of  the  total  output  of  gasoline  in  the 
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United  States  about  n  per  cent  (1923)  is  natural  gas  gasoline,  the 
rest  being  obtained  from  petroleum.  The  gasoline  obtained  by  dis¬ 
tillation  of  crude  petroleum  is  called  “straight-run' ’  gasoline;  that 
obtained  by  decomposition  of  heavy  petroleum  fractions  is  known  as 
“cracked”  gasoline.  Nearly  all  gasoline  sold  for  consumption  is  a 
combination  with  one  or  more  of  the  three  forms  or  else  a  blend  with 
other  products,  particularly  with  naphtha. 

Commercial  manufacture  of  natural  gas  gasoline  started  in  New 
York  about  1910,  and  in  1911  the  Bolivar  Gasoline  Company  re¬ 
ported  production  of  gasoline  from  gas  of  Allegany  county  wells. 
On  account  of  limited  supplies  of  natural  gas,  it  is  not  expected  that 
the  industry  will  be  greatly  expanded.  It  would  be  practicable,  how¬ 
ever,  to  treat  considerable  additional  supplies  since  the  gas  from  which 
the  gasoline  is  extracted  is  turned  into  the  pipe  lines  for  domestic 
consumption. 


Production  of  natural  gas  gasoline  in  New  York  since  1919 


YEAR 

GALLONS 

VALUE 

457  985 
41 1  078 
366  240 
506  200 
408  000 
476  753 

$84  083 
75  576 
52  108 
61  415 
44  000 
49  639 

1 02 1 . . . . . 

Total . . . . . 

2  626  256 

$366  821 

The  accompanying  table  gives  the  output  and  value  of  the  natural 
gas  gasoline  produced  in  New  York  since  1919.  The  quantities  and 
values  given  represent  the  raw  or  unblended  gasoline.  In  1924  the 
amount  of  natural  gas  treated  for  gasoline  amounted  to  380,836,000 
cubic  feet.  The  raw  or  unblended  gasoline  obtained  from  the  natural 
gas  amounted  to  476,753  gallons,  which  after  blending  produced 
676,765  gallons  of  commercial  gasoline.  The  companies  reporting 
production  of  gasoline  in  New  York  during  1924  are  as  follows: 

NAME  ADDRESS 

Ebenezer  Oil  Company .  Wellsville 

Empire  Gas  &  Fuel  Co.,  Ltd .  Wellsville 

Nathan  Nichols .  Bradford,  Pa. 

F.  J.  Wilson .  Bolivar 

Power  Gasoline  Company. . . . .  169  Davis  street,  Bradford,  Pa. 
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PEAT 

Deposits  of  peat  occur  in  many  sections  of  the  State.  The  swamp 
lands  have  been  estimated  at  about  5  per  cent  of  the  entire  surface,  or 
1,600,000  acres.  While  most  of  the  swamp  areas  contain  peat,  no 
detailed  survey  has  been  made  of  many  of  the  peat  deposits,  nor  has 
the  thickness  of  the  peat  been  determined  except  in  some  of  the  most 
important  areas. 

Although  certain  deposits  of  peat  have  been  worked  in  a  small  way 
at  various  times  and  places  for  more  than  100  years,  the  mining  of 
peat  has  never  become  an  important  or  a  very  successful  industry. 
Peat  as  it  comes  from  its  natural  bed  is  not  a  fuel.  It  often  contains 
as  much  as  90  per  cent  of  water.  In  addition  to  the  expense  of 
handling  this  dead  weight  of  water,  the  difficulty  experienced  in 
removing  the  water  from  the  peat  has  in  most  cases  proved  too 
costly  for  its  successful  production  for  fuel  purposes.  Artificial 
heat  for  drying  the  peat  involves  the  expenditure  of  heat  units  almost 
equal  to  the  value  of  the  heat  units  of  the  recovered  dried  peat.  By 
air  drying,  the  moisture  content  may  be  reduced  to  about  25  to  30  per 
cent.  This  remaining  moisture  seems  to  be  held  in  chemical  combina¬ 
tion  and  can  be  removed  only  at  a  high  temperature  with  artificial 
heat  but  with  a  resulting  loss  of  combustible  matter  in  the  peat.  Air- 
dried  peat,  containing  25  to  30  per  cent  of  moisture,  has  about  one- 
half  the  heating  value  of  commercial  coal. 

The  possibilities  of  peat  as  a  fuel  together  with  the  recovery  of 
ammonia  gas  has  been  stated  by  B.  F.  Haanel  as  follows : 

Unless  the  manufacture  of  peat  fuel  is  conducted  on  a  bog  situated 
reasonably  near  a  community  which  is  able  to  take  over  the  entire 
output  produced,  peat  manufactured  for  domestic  or  fuel  purposes 
alone  would  not  prove  a  profitable  venture.  This  is  due  to  the  com¬ 
paratively  low  heating  value  of  peat,  to  its  moisture  content  and  to 
the  large  volumes  it  occupies  per  heat  unit,  as  compared  with  coal ; 
and  when  to  these  disadvantages  is  added  that  of  high  freight  rates 
per  ton,  the  reason  of  the  foregoing  statement  will  be  obvious.  But 
while  peat  may  serve  as  a  domestic  fuel  in  only  certain  cases,  it  may 
be  well  adapted  for  the  production  of  power,  or  as  fuel  gas.  This 
is  especially  so  in  the  case  of  peat  which  has  a  high  nitrogen  content, 
since  this  element  can  be  profitably  recovered  in  the  ammonia  gas 
formed  in  the  by-product  recovery  producer.  According  to  the  pro¬ 
cess  employed  in  by-product  recovery  work,  the  ammonia  gas  is  fixed 
with  sulphuric  acid,  and  the  resulting  product  ‘‘ammonium  sulphate” 
is  then  sold  for  agricultural  purposes.  The  demand  for  this  product 
is,  today,  greater  than  the  supply,  consequently  its  price  per  unit  is 
somewhat  high.  Whenever,  therefore,  the  nitrogen  content  of  the 
peat  is  sufficiently  high,  the  production  of  a  fuel,  or  power  gas, 
accompanied  by  by-product  recovery,  would  prove  profitable.  But  in 
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the  case  of  the  production  of  power,  the  same  economics  must  be 
introduced  into  the  manufacture  of  power  that  apply  to  a  domestic 
fuel,  and  even  though  the  content  of  nitrogen  is  well  above  the 
average,  any  increase  in  the  cost  of  fuel  rapidly  decreases  the  expected 
profits.  Peat  is  a  low  grade  fuel  which  must  be  manufactured  and 
sold  at  a  comparatively  low  cost,  if  it  is  desired  that  it  should  serve 
as  a  substitute  for  coal.  It  is  evident,  therefore,  for  the  foregoing 
reasons,  that  the  manufacture  of  peat  fuel  does  not  hold  forth  any 
glowing  prospects  for  getting  rich  quickly,  although,  reasonable  and 
very  good  profits  should  in  almost  every  case  be  realized  when  the 
industry  is  run  on  a  business-like  basis.  But  the  element  of  specula¬ 
tion,  and  some  of  the  commonly  practised  methods  of  promotion  must 
be  eradicated  if  the  peat  industry  is  ever  to  become  an  accomplished 
fact. 

Occurrences 

Formerly  extensive  areas  of  peat  lands  were  found  in  New  York, 
Westchester  and  Putnam  counties.  Although  some  deposits  are  still 
to  be  found  in  Putnam  county,  the  two  former  counties  have  been  so 
built  up  that  but  little  swamp  land  is  left.  Orange  county  is  said  to 
have  had  originally  40,000  acres  of  peat  swamp.  In  that  county  the 
area  west  of  Warwick,  known  as  the  Drowned  lands,  once  contained 
17,000  acres,  but  at  present  a  considerable  part  has  been  drained  for 
agricultural  use.  Some  of  the  localities  in  Orange  county  together 
with  the  thickness  of  the  peat  are  as  follows  :  Pine  island,  18  feet, 
bottom  not  reached;  Black  Walnut  island,  18  feet,  bottom 
not  reached;  one-half  mile  west  of  Durandville,  16  feet; 
another  locality  miles  west  of  Durandville,  17  feet;  two  localities 
near  Big  island,  1 2J/2  feet,  bottom  not  reached;  Florida,  18  feet, 
bottom  not  reached.  In  Dutchess  county,  peat  deposits  are  found 
near  Pine  Plains  on  the  margin  of  Stissing  pond  and  south  along 
the  valley. 

In  northern  New  York,  peat  beds  are  found  in  Washington  county 
on  the  line  of  the  Champlain  canal  in  the  town  of  Kingsbury.  Other 
deposits  in  this  region  occur  in  the  vicinity  of  Fort  Edward  and 
Glens  Falls. 

Large  deposits  of  peat  are  found  in  northern  New  York  on  the 
northwestern  side  of  the  Adirondacks.  Swamp  lands  are  drained  by 
the  Black,  Oswegatchie,  Indian  and  Grass  rivers..  A  number  of 
years  ago  a  dredge  was  built  for  recovering  peat  from  Black  lake, 
an  expanded  part  of  the  Oswegatchie  river.  It  is  reported  that  the 
dredge  was  never  placed  in  operation. 

Large  peat  swamps  occur  in  central  and  western  New  York.  One 
of  the  important  areas  is  just  west  of  Rome,  a  portion  of  which  was 
drained  and  put  under  cultivation  at  the  time  the  Barge  canal  was 
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built.  South  of  Oneida  lake  are  the  Cowaselon  and  Cicero  swamps, 
which  together  have  an  east-west  direction  of  more  than  20  miles  and 
a  width  of  two  miles.  The  eastern  section  of  the  Cowaselon  swamp 
has  been  drained  by  the  Douglas  ditch  and  used  for  agricultural  pur¬ 
poses.  Montezuma  marshes  below  the  outlet  of  Cayuga  lake  are 
some  eight  miles  long  and  two  or  three  miles  wide.  Considerable 
peat  areas  occur  here  but  the  marshes  are  periodically  flooded  as  they 
are  intersected  by  the  Seneca  and  Clyde  rivers.  In  Genesee  and 
Orleans  counties  is  the  great  Oak  Orchard  swamp.  Some  parts  of 
this  have  been  drained  for  agricultural  purposes  although  large 
deposits  of  peat  still  remain. 

The  production  of  peat  at  the  present  time  amounts  to  but  a  few 
hundred  tons  annually,  the  larger  part  of  the  output  being  for  agri¬ 
cultural  purposes.  The  following  producers  have  reported  produc¬ 
tion  in  recent  years:  j.  H.  Blaine,  Hopewell  Junction;  Green  Vley 
Humus  Co.,  Fishkill ;  William  N.  Craig,  Fishkill ;  Alfred  F.  Sims, 
Sag  Harbor. 
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PFTROLEUM 

Petroleum  first  became  known  to  white  men  in  America  in  1627 
in  the  country  of  the  Neutral  Indians,  which  later  became  Seneca 
territory.  Mention  is  made  of  it  by  a  French  missionary,  Joseph 
de  la  Roche  D’Allion,  and  the  oil  referred  to  came  presumably  from 
a  spring  near  Cuba,  Allegany  county.  The  oil  was  highly  prized 
by  the  Indians  for  medicinal  purposes  and  for  many  years  was  known 
as  “Seneca  oil.”  A  number  of  references  to  Seneca  oil  are  found 
in  the  early  documents  of  colonial  times,  and,  as  early  as  1767,  a 
bottle  of  oil  was  brought  to  Niagara  Falls  by  an  Indian  named  Ash- 
cushang.  The  oil  was  sent  to  Sir  William  Johnson  who  at  that 
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time  was  ill  and  at  Saratoga,  Springs.  In  a  communication  to  Sir 
William  Johnson  written  from  Niagara  Falls  is  this  statement,  “  We 
call  it  here  Ashcushang’s  oil,  that  being  the  name  of  the  person  who 
brought  it  to  this  place.” 

The  first  oil  well  drilled  in  New  York  State  was  in  1864  at  Lime¬ 
stone,  Cattaraugus  county,  and  by  1878,  250  wells  were  producing. 
In  the  early  ’8o’s,  oil  was  found  in  Allegany  county,  and  for  a  number 
of  years  the  annual  production  of  the  State  was  over  five  million  bar¬ 
rels.  In  addition  to  the  pools  in  Allegany  and  Cattaraugus  counties, 
a  few  small  pools  are  located  near  the  western  border  of  Steuben 
county  and  a  few  wells  produce  oil  in  Chautauqua  county.  The  pres¬ 
ent  producing  fields  in  the  State  have  an  area  of  about  50,000  acres 
and  altogether  there  are  more  than  14,000  producing  wells.  Within 
the  past  25  years  no  new  pools  of  importance  have  been  discovered, 
and  it  is  not  likely  that  the  present  producing  fields  will  ever  be  much 
extended.  Considerable  border  drilling  about  the  present  producing 
areas  has  developed  no  important  additional  supplies  and  the  lower 
and  older  formations  in  the  territory  to  the  north  have  been  fairly 
well  tested  as  a  result  of  drilling  numerous  gas  wells.  In  addition 
to  the  gas  wells  a  number  of  salt  shafts  and  wells  at  the  north  have 
penetrated  well  into  the  Salina  formation.  The  best  hope  for  addi¬ 
tional  supplies  of  petroleum  seems  to  lie  in  the  deeper  formations  of 
the  present  producing  counties. 

The  1924  production  of  petroleum  in  New  York  amounted  to 
1,440,000  barrels.  This  is  the  largest  production  in  a  period  of  33 
years.  Following  the  flush  production  after  the  discovery  of  oil  in 
Allegany  county,  the  annual  production  decreased  until  1912  when 
but  782,661  barrels  of  oil  were  produced.  Since  1912  the  annual 
increase  has  been  almost  constant  bringing  the  1924  production  to 
nearly  double  that  of  the  year  1912. 


Production  of  petroleum  in  New  York  since  1919 


YEAR 

BARRELS 

VALUE 

851  000 
906  000 
988  000 

I  000  000 
i  250  000 
i  440  000 

$3  100  000 
5  433  000 
3  262  000 

3  144  000 

4  140  000 

5  245  000 

I92O . 

1922 . 

1024. . . 

Tota.1 . 

6  435  000 

$24  324  000 
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The  increase  in  production  during  recent  years  is  largely  due  to  a 
method  for  increasing  the  recovery  of  oil  which  is  being  used  on  many 
of  the  New  York  leases.  The  method  of  increasing  production  from 
old  or  in  some  cases  from  new  oil  wells  is  known  as  “  flooding.” 
The  method  of  “flooding  ”  is  briefly  as  follows :  Water  is  introduced 
into  an  oil  well.  The  pressure  created  by  a  column  of  water,  say 
1000  feet  high,  results  in  driving  the  oil  away  from  the  bottom  of  the 
well  in  advance  of  the  flood  of  water.  Surrounding  this  well  filled 
with  water,  other  wells  are  drilled,  and  into  them  the  oil  is  forced 
from  the  rocks  by  the  pressure  of  the  column  of  water  in  the  water 
well.  The  wells  drilled  into  the  flood  of  oil  are  pumped  until  the 
water  reaches  them.  They  are  then  made  into  water  wells  and  an 
ever  enlarging  circular  flood  of  oil  is  driven  away  from  these  water 
pressure  wells.  New  wells  are  again  drilled  into  the  flood  of  oil 
100  to  200  feet  away  from  the  new  water  wells  and  the  process  is 
then  repeated.  The  method  just  described  is  known  as  the  circular 
flood. 

Within  the  past  three  years  there  has  been  developed  what  is  known 
as  the  “  line  flood.”  This  differs  from  the  method  described  only 
in  arrangement  of  wells  and  but  little  attention  is  paid  to  wells  previ¬ 
ously  drilled  in  the  district.  Instead  of  using  an  old  oil  well  for  the 
first  water  well,  an  entirely  new  row  of  water  wells  is  drilled. 
Water  wells,  sometimes  as  many  as  25  in  number,  are  drilled 
in  a  row  150  feet  apart.  These  wells  all  extend  to  the  oil  sand 
but  are  not  pumped.  They  are  simply  filled  with  water  and  left 
for  a  year  or  more.  Then  two  wells  are  drilled  for  each  water 
well  at  right  angles  from  the  point  midway  between  the  water 
wells  and  150  feet  distant  from  the  water  wells.  As  in  circular 
floods,  when  the  oil  wells  go  to  water  they  in  turn  are  made  water 
wells,  and  new  rows  of  wells  for  oil  are  drilled.  Gratifying  results 
as  an  outcome  of  flooding  have  been  reported  from  many  leases. 
Additional  recovery  of  oil  amounts  in  many  cases  from  2000  to  5000 
barrels  an  acre.  The  oil  fields  of  the  State  have  already  produced 
about  70,000,000  barrels  of  oil,  and  it  is  estimated  that  an  additional 
90,000,000  barrels  may  be  obtained  as  a  result  of  application  of  flood¬ 
ing  and  other  methods  for  oil  recovery,  such  as  air  or  gas  which  may 
be  used  in  supplying  pressure  to  producing  wells. 
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PYRITE 

Pyrite,  the  sulphide  of  iron,  occurs  chiefly  in  the  Precambrian 
schists  and  gneisses  of  the  Adirondacks  and  the  Highlands  of  the 
Hudson.  In  the  Adirondack  region  the  main  deposits  are  in  St 
Lawrence  and  Jefferson  counties.  Here  the  pyrite  is  found  in  a 
series  of  belts  or  zones,  the  most  important  of  which  is  40  miles  long 
and  three  to  four  miles  wide.  The  ore  as  mined  and  before  concen¬ 
tration  contains  up  to  25  to  30  per  cent  of  sulphur.  Concentration 
raises  the  sulphur  content  from  between  40  to  48  per  cent. 

The  principal  pyrite  mines  operated  during  recent  years  are  those 
at  Pyrites,  the  Stella  mines  near  Hermon  and  the  Cole  mine  near 
Gouverneur.  At  Edwards  pyrite  is  also  obtained  as  a  by-product  in 
the  zinc  mining  operations. 

In  the  Highlands  there  has  been  no  active  mining  in  many  years. 
A  deposit  of  pyrite  and  pyrrhotite  at  Anthony’s  Nose,  a  steep  prom¬ 
inence  on  the  Hudson  above  Peekskill,  was  once  worked  for  a  period 
of  years,  and  the  output  used  locally  for  the  manufacture  of  sulphuric 
acid.  The  ore  is  said  to  have  carried  a  sulphur  content  of  28  per 
cent.  The  mine  was  worked  to  a  depth  of  from  300  to  400  feet.  The 
vein  had  a  thickness  of  from  20  to  30  feet  and  on  the  line  of  strike 
was  worked  for  a  width  of  50  feet. 
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Production  of  pyrite  in  New  York  since  1904 


YEAR 

LONG  TONS 

VALUE 

5  275 

IO  IOO 

$20  820 
40  465 
35  550 
162  430 
104  798 
a 

IQOS . 

1906 . 

II  798 
49  978 
23  775 

1907.  .  .  .  . . 

1908 . 

1909.  .  . . . . 

1910 . 

37  270 

53  453 
58  137 

54  903 
61  513 
57  241 

175  79i 
251  466 
286  577 
242  065 
266  930 
265  362 
a 

IQI I . 

IQI2 . 

IQI  'Z . . . 

IQI4. . 

I9I5 . .  . . 

1016. . . . 

iqi7 . . . 

57  075 
63  982 
60  544 
30  753 

354  000 
422  958 
468  257 
261  575 
a 

1918 . 

1919. . . 

1920 . 

IQ2I . 

IQ22 . . . 

5  900 
11  000 

a 

IQ2^ . 

a 

IQ24 . 

7  593 

16  705 

a  Figures  can  not  be  disclosed. 


The  production  and  value  of  the  pyrite  mined  in  New  York  since 
1904  is  given  in  the  accompanying  table.  The  curtailment  of  pro¬ 
duction  in  the  past  few  years  is  due  to  low  prices  for  sulphur. 
Pyrite  producers  can  not  compete  under  present  conditions  with 
domestic  sulphur  produced  in  Louisiana  and  Texas  or  even  with 
pyrite  imported  from  Spain.  At  present  the  only  pyrite  produced 
in  the  State  is  by  the  New  York  Zinc  Company  at  Edwards,  the 
pyrite  being  a  by-product  of  their  zinc  mines. 
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QUARTZ 

Quartz  or  silica  is  a  very  abundant  mineral  in  nature.  It  con¬ 
stitutes  the  main  mass  of  sandstones,  quartzites  and  river,  beach  and 
glacial  sands.  It  is  also  a  common  component  of  many  other  kinds 
of  rocks,  such  as  granites,  gneisses  and  schists.  Some  reference  to 
the  uses  of  the  purer  unconsolidated  or  loose  sands  is  given  under  the 
chapter  heading,  “  Sand  and  Gravel.” 

In  spite  of  its  great  abundance  in  nature,  supplies  of  high-grade 
silica  are  not  common.  The  best  quartz  material  in  the  State  is  found 
either  as  vein  quartz  or  in  pegmatite  dikes  where  it  is  associated  with 
feldspar,  as  has  been  described  in  the  feldspar  chapter.  In  certain 
localities  sandstones,  such  as  the  Potsdam  of  northern  New  York  and 
the  Oriskany  of  central  New  York,  have  a  high  silica  content.  The 
Shawangunk  grit,  outcropping  in  Ulster,  Orange  and  Sullivan  coun¬ 
ties,  is  worked  for  millstones  and  also  contains  high-grade  silica 
material  which  was  once  used  for  glass-making  at  Ellenville.  The 
Poughquag  quartzite  of  the  Highland  region  contains  a  number  of 
beds  of  nearly  pure  quartz.  No  large  masses  of  vein  quartz  are 
known.  Vein  quartz  from  the  vicinity  of  Fort  Ann  and  Port  Henry 
were  once  worked  for  the  purpose  of  making  wood  filler. 

At  present  but  two  firms  in  the  State  are  producing  quartz.  These 
are  the  Bedford  Mining  Company  of  Bedford,  Westchester  county, 
where  the  quartz  is  mined  in  connection  with  the  feldspar  operations, 
and  the  New  York  Pyrites  Company,  Inc.,  which  has  recently  opened 
up  a  quartz  quarry  near  Gouverneur,  St  Lawrence  county. 

As  there  are  only  two  producers,  statistics  of  production  and  value 
of  quartz  can  not  be  published  separately,  but  since  some  of  the  out¬ 
put  is  mined  and  sold  along  with  feldspar,  its  total  tonnage  and  value 
has  been  included  in  the  table,  “  Feldspar  and  Quartz,”  given  in  the 
chapter  on  feldspar. 
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SALT 

The  salt  industry  of  New  York  State  has  long  been  of  great  im¬ 
portance.  In  the  pioneer  days  the  industry  was  centered  about 
Syracuse,  and  for  almost  100  years  this  region  contributed  nearly  all 
the  brine  for  the  salt  manufactured  in  the  State.  With  the  develop- 


MINING  AND  QUARRY  INDUSTRIES  OF  NEW  YORK  I919-24  73 

ment  of  rock  salt  beds,  reached  by  deep  wells  and  shafts,  however, 
in  the  region  south  of  the  Salina  formation,  the  importance  of  the 
Syracuse  salt  district  has  gradually  declined.  The  decline  is  due  in 
part  to  the  weakening  of  the  Syracuse  brines  as  a  result  of  long-con¬ 
tinued  pumping. 

Since  the  beginning  in  a  practical  way  of  the  salt  industry  in  1797, 
complete  records  of  the  annual  salt  production  in  the  State  are 
available.  In  1797  the  production  amounted  to  5095  barrels,  and  in 
1924  to  14,091,486  barrels.  The  total  production  of  the  State  from 
1797  to  1924  inclusive  is  more  than  400,000,000  barrels. 

The  beds  of  rock  salt  all  belong  to  the  Salina  formation,  which  is 
of  Silurian  age.  Along  the  outcropping  area  of  the  Salina  beds,  salt 
brines  have  been  found  at  a  few  places,  the  most  noteworthy  of  which 
is  the  Syracuse  region,  but  along  the  outcrop  no  valuable  beds  of 
rock  salt  are  found.  Nor  has  there  been  any  development  of  rock 
salt  beds  near  the  northern  edge  of  the  salt  belt  where  surface  waters 
have  limited  mining  operations,  but  to  the  south  under  the  cover  of 
the  higher  Devonian  rocks,  beds  of  rock  salt  occur  which  have  an 
area  of  several  thousand  square  miles.  Beds  of  rock  salt  are  known 
from  Madison  county  on  the  east  to  Erie  county  on  the  west — a 
distance  of  about  140  miles.  The  width,  or  north  and  south  exten¬ 
sion,  of  the  salt  beds  has  not  been  established,  but  the  north-south 
distance  between  some  of  the  present  workings  is  more  than  30  miles. 
As  the  salt  beds  dip  farther  to  the  south,  the  greater  thickness  of 
overlying  rocks  in  that  direction  limits  practical  development  under 
present  conditions.  That  the  salt  beds  do  extend  much  farther  to 
the  south  than  any  of  the  present  salt  operations  has  been  demon¬ 
strated  by  deep  wells  drilled  for  gas  or  oil. 

In  thickness  the  beds  of  rock  salt  vary  considerably,  and  often 
several  beds  of  salt  separated  by  rock  are  found  in  the  same  well  or 
salt  shaft.  Beds  of  salt  up  to  75  or  more  feet  have  been  found  in 
wells  and  shafts,  while  the  aggregate  thickness  of  all  the  salt  beds  in 
a  single  well  has  been  reported  as  exceeding  200  feet.  The  distance 
from  the  surface  to  the  beds  of  rock  salt  at  places  where  operations 
have  been  conducted  varies  from  about  1200  to  2400  feet. 

Location  of  Salt  Wells  and  Mines 

In  addition  to  the  brines  obtained  near  Syracuse,  the  deep  salt 
wells  at  Tully,  Onondaga  county,  17  miles  south  of  Syracuse,  supply 
brines  which  are  conducted  through  a  pipe  line  to  the  Solvay  Process 
Company  at  Solvay  for  the  manufacture  of  soda  products. 
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Near  the  head  of  Cayuga  lake  in  Tompkins  county,  salt  wells  and 
shafts  are  located  on  the  east  side  of  the  lake,  and  in  Schuyler  county 
adjoining  at  the  west,  a  group  of  wells  are  located  near  the  head  of 
Seneca  lake  in  the  vicinity  of  Watkins.  In  western  New  York 
the  salt  industry  is  confined  to  the  three  adjoining  counties  of  Gene¬ 
see,  Wyoming  and  Livingston,  with  the  wells  and  shafts  located 
mainly  in  the  Genesee  and  Oatka  valleys.  In  addition  to  the  above 
localities  recent  tests  at  Himrod,  Yates  county,  have  definitely  proved 
the  presence  of  good  grades  of  rock  salt  suitable  for  mining.  Similar 
tests  recently  made  four  miles  south  of  Avon,  Livingston 
county,  and  about  midway  between  the  Retsof  and  Livonia  salt 
shafts,  have  demonstrated  the  presence  of  additional  supplies  of 
workable  rock  salt  beds  in  the  Genesee  valley  district. 


Production  of  salt  in  New  York  since  1919 


YEAR 

BARRELS 

VALUE 

13  9I3  064 

13  593  578 
10  392  957 

14  006  I93 
14  756  OI4 
14  09I  486 

$7  1.59  547 
7  5H  921 

6  505  041 

7  066  409 
7  43i  155 
6  739  597 

1920 . 

1924 . 

Total . . . 

80  753  292 

$42  486  670 

Production  of  ; 

salt  by  grades 

in  1920 

GRADE 

BARRELS 

VALUE 

VALUE  A 

BARREL 

Common  fine . 

I  329  435 
448  685 

1  424  014 
132  007 
10  259  437 

$1  407  951 
498  497 

1  915  909 
147  843 

3  614  721 

$1  06 
I  II 

Common  coarse . 

Table  and  dairy . 

i  35 
1  12 

Solar . 

Other  grades  a . 

35 

Total . 

13593  578 

$7  584  921 

$  56 

a  Includes  rock,  pressed  blocks,  other  grades,  brine  and  fractional  parts  of  barrels  of  each  kind 
mentioned  in  this  table. 
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Production  of  salt  by  grades  in  1921 

GRADE 

BARRELS 

VALUE 

VALUE  A 
BARREL 

Common  fine . 

Table  and  dairy . 

Solar . 

I  517  O93 

I  029  507 
73  757 

7  772  600 

$1  829  452 

I  104  372 
82  224 

3  488  993 

$1  21 

I  07 
I  II 

45 

Other  grades  a . 

Total . 

10  392  957 

$6  505  041 

$  63 

a  Includes  rock  salt,  pressed  blocks  from  rock  salt,  refuse  salt  and  brine  salt. 

Production  of  salt  by  grades  in  1922 

GRADE 

BARRELS 

VALUE 

VALUE  A 
BARREL 

Common  fine . 

Table  and  dairy . 

Solar . 

I  778  678 

I  I36  821 

73  77 1 

II  Ol6  923 

$1  944  39O 

I  I23  27I 
61  257 

3  937  49i 

$1  09 
99 
83 
36 

Other  grades  a . . 

Total . . . 

14  006  I93 

$7  066  409 

$  50 

a  Includes  rock,  pressed  blocks  from  rock  salt  and  brine. 

Production  of  salt  by  grades  in  1923 

GRADE 

BARRELS 

VALUE 

VALUE  A 

BARREL 

Common  fine . 

Table  and  dairy . 

Other  grades  a . 

Total . 

I  709  971 

I  08l  364 
II  964  679 

$2  I90  925 
i  101  578 

4  138  652 

$1  28 

I  02 

35 

14  756  014 

$7  43i  155 

$  50 

a  Includes  solar,  pressed  blocks  from  rock  salt,  brine  and  rock. 

Production  of  salt  by  grades  in  1924 

GRADE 

BARRELS 

VALUE 

VALUE  A 

BARREL 

Common  fine . 

Table  and  dairy . . 

Other  grades  a . 

Total . . . . 

I  764  264 

I  O44  850 
II  282  372 

$2  006  785 
923  099 

3  809  713 

$1  14 

88 

33 

14  09I  486 

$6  739  597 

$  48 

a  Includes  pressed  blocks  from  rock  salt,  brine  and  rock. 
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Producers  of  salt  in  New  York 

OPERATOR  ADDRESS  LOCATION  OF  MINE 

Genesee  county 

LeRoy  Salt  Co . .  LeRoy .  LeRoy 

Livingston  county 

Sterling  Salt  Co .  29  Broadway,  New  York.  Cuylerville 

Alex.  Kerr  Bro.  &  Co .  516  N.  Delaware  avenue, 

Philadelphia,  Pa .  Piffard 

Retsof  Mining  Co ....  . .  Scranton  Life  Building, 

Scranton,  Pa .  Retsof 


Onondaga  county 

Thomas  Gale .  Box  433,  Syracuse 

Thomas  P.  Murray .  Liverpool . 

The  Solvay  Process  Co .  Syracuse,  N.  Y. . . 

Schuyler  county 

International  Salt  Co.,  Inc . Scranton,  Pa . 

Watkins  Salt  Co .  Watkins . 

Tompkins  county 

Cayuga  Rock  Salt  Co.,  Inc .  Myers . 

Remington  Salt  Co .  Ithaca . 

International  Salt  Co.,  Inc . Scranton,  Pa . 


Syracuse 
Liverpool 
(  Works  at  Solvay 
\  Wells  at  Tully 

Watkins 

Watkins 


Myers 

Ithaca 

Myers 


Wyoming  county 

Rock  Glen  Salt  Co .  Rock  Glen .  Rock  Glen 

Worcester  Salt  Co .  71  Murray  street,  New 

York .  Silver  Springs 
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SAND  AND  GRAVEL 

The  reported  production  of  sand  and  gravel  in  1924  amounted  to 
13,397,54°  tons  valued  at  $8,583,193.  As  shown  by  the  accom¬ 
panying  tables  the  output  in  both  tonnage  and  value  has  greatly  in¬ 
creased  since  1919.  The  statistics  are  based  on  reports  of  more  than 
200  producers  operating  in  41  counties  of  the  State.  The  tables 
showing  production  do  not  represent  the  entire  output  and  are 
probably  understated  by  about  15  per  cent.  The  sand  and  gravel 
operations  are  so  widespread  and  many  of  them  of  such  a  tempo¬ 
rary  nature  that  it  is  difficult  to  obtain  complete  information  relating 
to  all  operations.  The  data  presented,  however,  cover  most  of  the 
large  and  more  or  less  staple  activities  of  the  industry.  Those  for 
molding  sand  are  believed  to  be  fairly  complete.  This  is  made 
possible  by  the  fewer  number  of  operators  and  more  restricted  areas 
from  which  molding  sand  is  obtained.  In  addition  to  the  sand  and 
gravel  used  mostly  for  construction  work,  certain  grades  of  sand 
serving  special  uses  are  obtained  in  some  sections  of  the  State.  These 
grades  include  fire  or  furnace  sand,  glass  sand,  engine  sand,  filter  sand 
and  sand  for  grinding  and  polishing,  and  molding  sand.  In  the 
tables,  with  the  exception  of  molding  sand  and  fire  or  furnace  sand, 
the  special  grades  are  included  with  “  other  ”  sand. 

The  1924  production  of  molding  sand  amounted  to  607,089  tons 
valued  at  $1,040,735.  By  far  the  greater  part  of  the  production  came 
from  what  is  known  as  the  Albany  molding  sand  district.  This  dis¬ 
trict  includes  an  area  extending  from  southern  Warren  county  on  the 
north,  to  near  the  southern  limit  of  Dutchess  and  Ulster  counties  on 
the  south.  In  this  distance  of  more  than  100  miles  molding  sand  is 
found  on  both  sides  of  the  Hudson  river.  In  the  adjoining  counties 
of  Albany  and  Saratoga  there  is  a  westerly  extension  of  the  district, 
on  both  sides  of  the  Mohawk  river,  thus  extending  the  molding  sand 
district  into  Schenectady  county.  Outside  of  the  Albany  molding 
sand  district,  the  following  counties  reported  production :  Cattarau¬ 
gus,  Cayuga,  Chautauqua,  Kings,  Livingston,  Monroe,  Nassau, 
Oneida,  Queens,  Tioga  and  Wayne.  The  annual  production  of 
molding  sand  since  1904  is  given  in  the  accompanying  table. 
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Production  of  sand  and  gravel 


1919 

1920 

MATERIAL 

Short  tons 

Value 

Short  tons 

Value 

Building  sand . 

1  974  827 

$70 5  603 

3  192  796 

$1  489  248 

Molding  sand . 

418  319 

609  730 

590  577 

1  232  721 

Fire  or  furnace  sand . 

a 

a 

39  772 

56  574 

Other  sand . 

no  059 

7 1  738 

2 77  251 

178  141 

Gravel . 

1  484  782 

859  809 

2  026  622 

1  381  773 

Total . 

3  987  987 

$2  246  880 

6  127  018 

$4  338  457 

a  Included  under  other  sand. 


Production  of  sand  and  gravel 


MATERIAL 

1921 

1922 

Short  tons 

Value 

Short  tons 

Value 

Building  sand . 

3  818  671 
288  354 
21  240 

393  354 

1  499  610 

$1  815  086 
447  481 
34  660 
35i  893 

1  024  007 

4  588  446 
579  999 
17  479 
776  697 

2  340  77 1 

$2  171  806 

855  682 

14  193 
512  235 
1  531  396 

Molding  sand . 

P'ire  or  furnace  sand . 

Other  sand . 

Gravel . 

Total . 

6  021  229 

$3  673  127 

8  303  392 

$5  085  312 

Production  of  sand  and  gravel 


MATERIAL 

1923 

1924 

Short  tons 

Value 

Short  tons 

Value 

Building  sand . 

5  49i  031 

$2  661  227 

8  542  247 

$4  330  55i 

Molding  sand . 

731  896 

1  212  798 

607  089 

1  040  735 

Fire  or  furnace  sand . 

15  005 

10  817 

5  743 

4  48i 

Other  sand . 

1  053  662 

762  139 

144  907 

95  833 

Gravel . 

3  438  631 

2  644  095 

4  097  554 

3  hi  593 

Total . • . 

10  730  225 

$7  291  076 

13  397  540 

$8  583  193 
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Production  of  molding  sand  in  New  York  since  1904 


1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

1910. 

1911 . 

1912. 
I9I3- 
1914. 
I9I5- 

1916. 

1917. 

1918. 

1919. 

1920. 

1921 . 

1922. 

1923. 
1924- 


Total 


YEAR 


SHORT  TONS 


VALUE 


320 

00 

to 

Cn 

503 

307 

215 

368 

693 

293 

312 

819 

468 

609 

471 

351 

476 

OI4 

469 

138 

504 

348 

310 

727 

454 

511 

661 

673 

650 

427 

519 

68l 

418 

319 

590 

577 

288 

354 

579 

999 

73i 

896 

607 

089 

10  248  325 


$262  997 

457  375 
151  268 
539  674 
277  290 
437  402 
424  015 
420  780 
422  148 
449  224 
310  727 
415  073 
570  898 
808  550 
770  512 
609  730 
1  232  721 
447  481 
855  682 
1  212  798 
1  040  735 


$12  1 17  080 


SAND-LIME  BRICK 

Sand-lime  brick  are  made  from  a  combination  of  sand  and  hydrated 
lime.  The  brick  are  molded  under  heavy  pressure  and  then  sub¬ 
jected  to  steam  pressure  in  a  hardening  chamber.  This  process 
forms  a  hard,  hydrous  silicate  of  lime  that  binds  the  sand  together. 
Five  to  20  per  cent  of  lime  is  used. 

The  first  plants  for  the  manufacture  of  sand-lime  brick  were 
erected  about  1903.  In  1906  seven  of  the  plants  reporting  showed 
a  production  of  17,080,000  brick  having  a  value  $122,340.  At  the 
close  of  1906  nine  plants  were  in  operation  and  one  under  course  of 
construction.  In  1908  the  industry  received  a  decided  setback  and 
several  of  the  plants  went  out  of  business.  The  industry  as  a  whole 
has  made  no  great  progress  and  present  production  is  limited  to  three 
companies  as  follows:  Buffalo  Sandstone  Brick  Company,  189 
Fillmore  avenue,  Buffalo ;  Paragon  Plaster  Company,  Syracuse ; 
Rochester  Composite  Brick  Company,  Rochester. 

The  annual  production  and  value  since  1906  are  presented 
herewith. 
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Production  of  sand-lime  brick  since  1906 


1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 
1923, 
1924 


YEAR 


PRODUCTION 


VALUE 


1 7 

080 

000 

$122 

340 

16 

610 

000 

109 

677 

8 

239 

000 

55 

688 

12 

683 

000 

81 

693 

14 

053 

000 

82 

619 

15 

178 

000 

92 

064 

21 

231 

000 

133 

736 

22 

225 

000 

143 

345 

17 

696 

000 

hi 

326 

18 

226 

000 

115 

912 

15 

851 

000 

109 

337 

15 

535 

000 

130 

626 

6 

776 

000 

79 

515 

10 

958 

000 

159 

399 

11 

294 

000 

176 

114 

a 

a 

a 

a 

15 

646 

000 

204 

433 

16 

529 

000 

220 

851 

a  Less  than  three  producers;  figures  can  not  be  published. 


SLATE 

The  active  slate  quarries  of  the  State  are  confined  to  Washington 
county.  The  district  extends  to  the  Vermont  state  line,  where  it  con¬ 
tinues  as  the  well-known  Vermont  slate  district. 

The  slate  belt  of  Cambrian  and  Ordovician  ages  is  highly  folded 
and  the  quarry  faces  usually  show  a  steep  dip.  In  color  the  quarried 
slate  includes  red,  purple  and  unfading  green  as  contrasted  with  sea- 
green,  which  in  course  of  time  changes  to  brownish.  Black  and 
variegated  varieties  are  also  produced. 

Production 

The  value  of  the  slate  of  all  kinds  produced  in  Washington  county 
in  1924  amounted  to  $962,276.  The  large  increase  in  the  total  value 
of  slate  during  recent  years  is  due  to  the  output  of  slate  granules. 
Granules  are  crushed  or  ground  slate.  The  prevailing  sizes  are  10 
to  25  mesh,  but  some  run  as  low  as  eight  and  others  as  high  as  30 
mesh.  They  serve  as  a  good  roofing  material  and  are  held  together 
by  asphalt  binders.  The  production  of  granules  was  first  reported 
in  1917,  when  4858  tons  of  granules  valued  at  $27,696  were  reported. 
The  1924  production  amounted  to  119,210  tons  and  was  valued  at 
$770,959- 
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Roofing  slate  produced  in  1924  amounted  to  10,974  squares  valued 
at  $170,749.  This  was  more  than  double  the  production  in  1923  and 
the  largest  output  since  1911. 


Production  of  slate  in  New  York  since  1919 


YEAR 

ROOFING  SLATE 

OTHER  KINDS 

TOTAL 

VALUE 

Squares 

Value 

Value 

1919 . . 

3  386 

$35  138 

$415  241 

$450  379 

1920. . . 

6  607 

97  244 

814  049 

911  293 

1921 . .  . 

4  100 

59  106 

457  850 

516  956 

1922 . 

1  215 

22  537 

620  435 

642  972 

1923 . 

4  475 

67  741 

859  657 

9 27  398 

1924 . 

10  974 

170  749 

791  527 

962  276 

Total . 

30  757 

$452  515 

$3  958  759 

$4  41 1  274 

In  addition  to  the  values  credited  to  roofing  slate  and  granules, 
other  slate  was  produced  to  the  amount  of  $20,568.  Items  constituting 
this  value  include  flagging,  structural  and  sanitary  slate. 

Slate  producers  reporting  production  in  1924  follow: 


NAME 

Old  English  Slate  Quarries . 

J.  B.  Preston  Co. . . . . 

Jno.  J.  McDonough . . 

Amalgamated  Slate  Quarries  Company 

The  Dorrco  Slate  Co . 

Ellis  Bros.  &  Diplock . 

G.  H.  Hopkins . . . . . 

H.  C.  McDonough  . 

Kelly  &  Owens  .  . . . . 

Edwards  &  Thomas . . . 

Darius  &  Jones . . . . . 

Sheldon  Slate  Products  Co. . . . . 

Staso  Milling  Co . 

Advance  Industrial  Supply  Co . 


ADDRESS 

Glens  Falls 

25  Broad  street,  New  York 
West  Pawlet,  Vt. 

Easton,  Pa. 

101  Park  avenue,  New  York  City 

Middle  Granville 

Whitehall 

Middle  Granville 

Middle  Granville 

Middle  Granville 

Middle  Granville 

Middle  Granville 

332  S.  Michigan  street,  Chicago,  Ill.  _ 
hi  W.  Washington  boulevard,  Chi¬ 
cago,  Ill. 
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STONE 

Under  the  term  “  stone  ”  are  included  the  quarry  products  of 
granite,  limestone,  marble,  sandstone  and  trap,  or  basalt.  These 
quarry  materials  are  variously  distributed  in  different  sections  of  the 
State.  In  northern  New  York  the  deposits  of  granite  are  limited 
to  the  Adirondack  and  the  Thousand  Islands  regions.  In  southern 
New  York  granites  are  found  in  the  Highlands  of  the  Hudson,  with 
a  few  outlying  areas  adjacent  to  these  mountains. 

The  limestones  may  be  regarded  as  of  two  distinct  types  in  so  far 
as  their  geologic  ages  are  concerned.  The  Precambrian  limestones 
including  marbles  are  involved  with  the  Adirondacks  and  the  High¬ 
lands.  The  sedimentary  limestones  of  Cambrian  and  later  ages  are 
usually  distributed  in  belts,  some  of  which  extend  nearly  across  the 
entire  State.  The  Cambrian  and  Ordovician  limestones  form  more 
or  less  a  belt  encircling  the  Adirondacks  with  extensive  areas  pro¬ 
jecting  into  the  upper  Hudson,  Mohawk  and  Black  river  valleys. 
Several  belts  of  limestones  of  these  ages  are  found  crossing  the  Hud¬ 
son  river  valley  north  of  the  Highlands.  None  of  the  formations 
previously  mentioned  is  found  outcropping  in  western  New  York, 
but  nearly  all  of  them  have  been  penetrated  by  wells  drilled  for 
natural  gas  and  are  found  to  lie  2000  or  more  feet  below  the  surface. 

The  Silurian  limestones  are  found  in  several  belts  more  or  less 
parallel  to  one  another.  The  lowest  are  the  Clinton  limestones  ex¬ 
tending  from  northern  Wayne  county  to  the  Niagara  river.  The 
Niagara  or  Lockport  limestone  is  first  found  in  southern  Herkimer 
county  and  with  increasing  thickness  extends  almost  directly  west  to 
the  Niagara  river.  Of  the  Silurian  limestones  only  the  Manlius  is 
present  in  eastern  New  York.  It  is  always  found  directly  below  the 
Coeymans,  the  lowest  member  of  the  Helderberg  limestones.  Of 
the  Devonian  formations  the  Plelderberg  limestones  include  the  Coey¬ 
mans  and  Becraft  with  others  of  lesser  economic  value.  In  some 
quarry  operations  the  Manlius,  Coeymans  and  Becraft  limestones  are 
near  enough  so  that  they  can  readily  be  operated  almost  as  a  single 
quarry. 

The  Onondaga  limestone  of  Devonian  age  is  the  most  persistent 
and  widespread  limestone  formation  in  the  State.  It  is  also  the  most 
easily  traced  along  the  line  of  outcrop  and  nearly  everywhere  forms 
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an  escarpment.  Starting  at  Buffalo,  the  Onondaga  extends  east¬ 
ward  to  the  vicinity  of  LeRoy,  Phelps,  Geneva,  just  south  of  Syra¬ 
cuse,  then  to  Richfield  Springs,  Cherry  Valley  and  Cobleskill.  From 
there  it  passes  into  the  Helderbergs  of  Albany  county,  where  the 
formation  turns  south  and  is  found  outcropping  a  few  miles  west  of 
the  Hudson  river  until  Kingston  is  reached.  There  the  formation 
again  changes  its  direction  to  the  southwestward  and  passes  out  of 
the  State  near  Port  Jervis. 

The  highest  Devonian  limestone  in  the  State  is  the  Tully.  Its 
best  exposures  are  seen  in  the  vicinity  of  Cayuga  lake.  From  this 
point  it  thins  rapidly  along  line  of  outcrop  and  is  of  no  economic  im¬ 
portance  in  Ontario  county  to  the  west,  or  in  Chenango  county  to 
the  east.  Practically  all  of  the  southern  sections  of  the  State,  from 
the  Catskills  west,  including  the  southern  tier  of  counties  bordering 
on  Pennsylvania,  are  without  limestone  formations. 

The  oldest  sandstone  formation  in  the  State  is  known  as  the  Pots¬ 
dam.  This  formation  is  usually  found  along  the  borders  of  the 
Adirondacks.  The  principal  exposures  are  on  the  northern  and  north¬ 
western  sides  of  the  Adirondacks.  Smaller  areas  occur  on  the  east 
side  of  the  Adirondacks,  principally  in  the  counties  of  Essex,  Wash¬ 
ington,  Warren  and  Saratoga,  with  a  few  exposures  on  the  south  side 
of  the  Adirondacks,  north  of  the  Mohawk  valley.  At  the  present 
time  quarrying  of  Potsdam  sandstone  is  very  much  restricted,  and 
outside  of  local  uses  only  now  and  then  is  the  Potsdam  quarried  on  a 
commercial  scale.  In  certain  areas  the  Potsdam  sandstone  has  a  high 
silica  content  and  might  well  serve  in  the  manufacturing  of  ferro¬ 
alloys. 

The  Hudson  River  formation  has  a  wide  distribution  in  the  Hudson 
and  Mohawk  valleys.  The  formation  includes  numerous  beds  of  sand¬ 
stone  and  formerly  quarries  were  operated  in  the  vicinity  of  Rhine- 
beck,  New  Baltimore,  Troy,  Albany  and  Schenectady.  The  quarries 
at  Schenectady  have  produced  excellent  building  stone. 

The  Medina  sandstone  formation  extends  from  central  New  York 
west  to  the  Niagara  river.  At  present  the  only  important  quarry 
operations  are  carried  on  in  Orleans  county.  Formerly  quarries  were 
operated  in  all  the  counties  between  Monroe  and  Niagara.  In  central 
New  York  certain  beds  of  the  Clinton  formation  are  of  sandstone 
and  have  produced  considerable  material  at  Clinton.  Clinton  sand¬ 
stone  has  also  been  quarried  in  Oneida  and  Herkimer  counties.  The 
Devonian  sandstones,  quarried  mostly  as  bluestone,  are  widespread 
and  include  most  of  the  Catskills  and  the  region  to  the  west  as  far  as 
Lake  Erie  and  south  to  the  Pennsylvania  state  line. 
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Trap  is  represented  mainly  by  the  Palisades  of  the  Hudson.  Quar¬ 
rying  of  trap  in  recent  years  has  been  much  restricted,  largely  due  to 
the  taking  over  of  the  most  valuable  sites,  facing  the  Hudson  river, 
for  the  Palisades  Interstate  Park. 

Production 

The  total  value  of  stone  produced  in  1924  amounted  to  $11,973,613. 
Of  the  various  kinds  of  stone  produced  granite  was  valued  at 
$211,766  and  limestone  at  $9,461,774.  The  value  of  the  limestone 
as  given  includes  the  value  of  lime  but  does  not  include  the  value  of 
limestone  which  is  used  in  cement  manufacture.  The  marble  pro¬ 
duced  amounted  to  $532,358.  Sandstone  including  bluestone  was 
valued  at  $1,529,590.  Of  this  value  the  sandstone  is-  credited  with 
$798,807  and  bluestone  $730,783.  The  value  of  trap  with  which  is 
included  the  value  of  miscellaneous  stone  is  $238,125.  The  only  large 
increase  in  production  over  a  series  of  years  is  that  of  limestone. 
Since  1904  the  annual  value  of  limestone  produced  has  increased  more 
than  $7,000,000.  The  other  kinds  of  stone  reported  have  either 
shown  but  slight  increases  or  in  some  cases  an  actual  loss  in  value 
of  production.  The  value  of  the  various  kinds  of  stone  produced 
since  1904  exceeds  $150,000,000. 


Production  of  stone  in  New  York  since  1919 


YEAR 

GRANITE 

LIMESTONE 

MARBLE 

SANDSTONE 

TRAP 

TOTAL 

1919 . 

$94  820 

$5  538  581 

$250  244 

$384  516 

$619  799 

$6  988  735 a 

1920 . 

204  491 

7  ISI  I5i 

220  773 

547  424 

794  653 

9  061  707 a 

1921 . 

232  190 

7  748  530 

255  530 

901  915 

201  677 

9  464  630a 

1922 . 

370  471 

7  469  370 

336  956 

I  372  429 

151  977 

9  756  674« 

1923 . 

204  578 

8  501  621 

412  875 

I  259  257 

269  730 b 

10  648  061 

1924 . 

21 1  766 

9  461  774 

532  358 

I  529  590 

238  1256 

11  973  613 

Total.  . 

$1  318  316 

$45  871  027 

$2  008  736 

$5  995  13 1 

$2  275  961 

$57  893  420 

a  Includes  value  of  miscellaneous  stone  for  which  no  separated  column  is  given. 
b  Includes  value  of  miscellaneous  stone. 


Production  of  stone  according  to  use  in  year  1919 


KIND 

building 

STONE 

MONU¬ 

MENTAL 

CURBING 

AND 

FLAGGING 

CRUSHED 

STONE 

ALL  OTHER 
STONE 

TOTAL 

VALUE 

Granite  . 

$8  673 

9  490 
118  635 
137  836 

$6  703 

$39  797 

3  062  580 
37  258 
51  859 
619  799 
30  848 

$39  647 

2  466  51 I 

5  957 
40  046 

$94  S20 
5  538  581 
250  244 
384  519 
619  709 
100  77;> 

Limestone  . 

Marble  . 

88  394 

Sandstone  . 

$154  775 

T  rap 

AT  i 1  *4  n  p n  1 1 ' 'vfone 

69  927 

Total . 

$274  634 

$95  097 

$154  775 

$3  842  141 

$2  622  088 

$6  988  733 
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Production  of  stone  according  to  use  in  1920 


KIND 

BUILDING 

STONE 

MONU¬ 

MENTAL 

CURBING 

AND 

FLAGGING 

CRUSHED 

STONE 

ALL  OTHER 
STONE 

TOTAL 

VALUE 

$23  689 
16  500 
49  074 

175  476 

$33  042 

$44  101 

4  518  038 

$103  659 

2  6l6  613 
88  238 

1 15  989 

$204  491 

7  151  151 
220  773 
547  424 
794  653 
143  215 

83  461 

$255  959 

794  653 
43  215 

100  000 

Total . . 

$264  739 

$116  503 

$255  959 

$5  400  007 

$3  024  499 

$9  061  707 

Production  of  stone  according  to  use  in  1921 

KIND 

BUILDING 

STONE 

MONU¬ 

MENTAL 

CURBING 

AND 

FLAGGING 

CRUSHED 

STONE 

ALL  OTHER 
STONE 

TOTAL 

VALUE 

Granite . 

$114  ids 
85  981 
61  169 
220  981 

$20  233 

$45  620 

$52  172 

S  665  086 

$232  190 
7  748  530 
255  530 
901  915 
201  677 
124  788 

Limestone . 

$1  997  463 
82  643 

I  429 

Marble . 

III  718 
II  585 

Sandstone . 

559  382 

108  538 
201  677 
102  045 

Trap . 

Miscellaneous  stone . 

22  743 

Total . . 

$482  296 

$143  536 

$605  002 

$6  129  518 

$2  104  278 

$9  464  630 

Production  of  stone  according  to  use  in  1922 

KIND 

BUILDING 

STONE 

MONU¬ 

MENTAL 

CURBING 

AND 

FLAGGING 

CRUSHED 

STONE 

ALL  OTHER 
STONE 

TOTAL 

VALUE 

Granite . 

$71  426 
114  771 
151  480 
295  013 

$44  968 

$67  178 

$50  728 

5  277  871 

107  513 
327  360 
151  977 
55  471 

$136  171 

2  076  728 

$370  471 
7  469  370 
336  956 
I  372  429 
151  977 
55  471 

Limestone . 

Marble . 

77  963 

Sandstone . 

750  0S6 

Trap . . . 

Miscellaneous  stone . 

Total . 

$632  690 

$122  931 

$817  234 

$5  970  920 

$2  212  899 

$9  756  674 

Production  of  stone  according  to  use  in  1923 


Granite . . , 
Limestone, 
Marble . .  . 
Sandstone . 
Trap . 


KIND 


BUILDING  MONU- 
STONE  MENTAL 


CURBING, 

FLAGGING  CRUSHED 
AND  STONE 

PAVING 


ALL  OTHER 
STONE 


TOTAL 

VALUE 


$34  96s  $36  344 

95  930  ....... 

67  804  86  691 

298  226  ....... 


$47  450 


721  689 


$38  645 
5  897  017 
258  380 
227  853 
267  300a 


$47  174 
2  508  674 


11  489 

2  430 


$204  578 
8  SOI  621 

412  875 
I  259  257 
269  730 


$496  925 


$123  035 


$769  139 


$6  689  195 


$2  569  767 


$10  648  061 


Total 
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Production  of  stone  according  to  use  in  1924 


KIND 

BUILDING 

STONE 

CURBING, 

FLAGGING 

AND 

PAVING 

CRUSHED 

STONE 

ALL  OTHER 
STONE 

TOTAL 

VALUE 

Granite . 

$81  731 a 
83  469 
176  019a 
401  371 

b 

b 

$^  062  880 
#1356  339 
250  372 
238  125c 

#130  035 

2  315  425 

$211  766 
9  461  774 
532  358 
I  529  590 
238  125 

Limestone . 

Marble . 

Sandstone . 

1875  294 

2  553 

Trap . . . 

Total . 

$742  590 

$875  294 

$7  907  716 

$2  448  013 

$11  973  613 

a  Includes  monumental  stone. 
b  Included  in  all  other. 
c  Includes  miscellaneous  stone. 


LIME 


Production.  The  1924  production  of  lime  amounted  to  98,592 
short  tons  valued  at  $991,799.  The  output  was  reported  by  twelve 
companies.  Plants  for  lime  burning  are  located  in  the  following 
counties :  Clinton,  Dutchess,  Erie,  Fulton,  Jefferson,  Seneca,  Ulster, 
Warren  and  Washington. 

Tables  showing  the  annual  production  of  lime  for  the  years  1919 
to  1924  are  here  included  with  tonnages  and  values  of  tonnages  by 
industries.  It  is  apparent  from  each  of  the  tables  that  less  than  5 
per  cent  of  the  lime  manufactured  in  any  one  year  is  used  for  agri¬ 
cultural  purposes.  A  larger  and  fairly  constant  percentage  (17  to 
26  per  cent  for  each  year)  is  used  for  building  purposes.  The  great 
bulk  of  the  lime  manufactured,  however,  goes  into  the  chemical  in¬ 
dustries.  Certain  of  these  industries  use  lime  in  such  substantial 
quantities  that  they  have  been  listed  by  themselves.  Thus  the  lime 
sold  for  use  in  paper  mills  rivals  in  quantity  and  value  that  used  in  the 
entire  building  industry,  and  is  listed  by  itself.  Rather  substantial 
tonnages  are  also  used  in  metallurgy,  in  tanneries  and  in  the  sugar 
industry.  Lime  is  used  in  small  quantities  in  more  than  100  additional 
chemical  or  other  industries,  and  products  sold  for  such  purposes 
have  been  grouped  under  the  headings  “chemical  works”  and  “other 
uses.” 

A  table  is  also  given  showing  production  and  values  of  lime  since 
1904. 
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Production  of  lime  in  New  York  in  1919 


KINDS 

SHORT  TONS 

VALUE 

Building . 

21  88l 

42  905 
29  590 
a 

4  384 

6  206 
10  880 
10  558 

$185  318 

392  225 

253  187 
a 

63  765 
34  574 
118  410 

84  381 

Chemical  works . 

Paper  mills . 

Sugar  factories . 

Tanneries . 

Fertilizers . 

Metallurgy . 

Other  uses . 

Total . 

126  404 

$1  131  860 

a  Included  under  other  uses. 

Production  of  lime  in  New  York  in  1920 

KINDS 

SHORT  TONS 

VALUE 

Building. . . 

22  082 

9  503 
25  796 
a 

4  235 

3  323 

13  151 

14  267 

$266  639 
115  123 
280  no 
a 

65  345 
23  912 
151  509 
144  623 

Chemical  works . 

Paper  mills . 

Sugar  factories . . . . 

Tanneries . . 

Fertilizers . 

Metallurgy . . 

Other  uses . 

Total . . .  . 

92  357 

$1  047  261 

a  Included  under  other  uses. 

Production  of  lime  in  New  York  in  1921 

KINDS 

SHORT  TONS 

VALUE 

Building . 

17  603 

5  866 

18  200 
a 

4  336 

3  917 

5  808 

11  955 

$207  829 
63  704 
202  838 
a 

62  196 
30  334 
67  347 
125  051 

Chemical  works . 

Paper  mills . 

Sugar  factories . 

Tanneries . . . . . 

Fertilizers . .  . 

Metallurgy . . . 

Other  uses . 

Total . 

67  685 

$759 '299 

a  Included  under  other  uses. 
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Production  of  lime  in  New  York  in  1922 


KINDS 

SHORT  TONS 

VALUE 

Building . . . 

25  174 

5  161 

19  514 

a 

3  637 

2  751 
11 898 
28 185 

$250  502 
54  083 
193  354 
a 

41  845 
22  613 
1 17  426 
2 77  256 

Chemical  works . 

Paper  mills . 

Sugar  factories . 

Tanneries . . 

Fertilizers . 

Metallurgy . 

Other  uses . 

Total . 

96  320 

$ 957  079 

a  Included  in  other  uses. 


Production  of  lime  in  New  York  in  1923 


KINDS 

SHORT  TONS 

VALUE 

Building . 

26  035 

3  156 
20  on 

183 

3  596 

3  668 
11  667 
32  546 

$259  539 
35  203 
210  880 
2  062 
46  544 
25  559 
130  209 
327  741 

Chemical  works . 

Paper  mills . 

Sugar  factories . 

Tanneries . 

Fertilizers . 

Metallurgy . 

Other  uses . 

Total . 

100  862 

$1  037  737 

Production  of  lime  in  New  York  in  1924 


KINDS 

SHORT  TONS 

VALUE 

Ruildiner . . . . 

24  490 
17  935 
21  478 
a 

3  4°5 

3  988 
10  994 
16  302 

$228  478 
I89  54O 

229  082 

a 

44  784 
30  215 
121  025 

148  675 

Chemical  works . . . 

Paper  mills  v . 

Sup'pt  factories 

Vjugcil  ‘  . . . . . 

Tanneries 

Fertilizers  . 

Metallurgy  . 

Other  uses . «  . .  -  . 

Total .  .  . . . 

98  592 

$991  799 

a  Included  in  other  uses. 
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Production  of  lime  in  New  York  since  1904 


YEAR 

PRODUCTION 

IN 

SHORT  TONS 

494  883 
323  905 
313  369 
403  I 14 

I . 

) 

93  176 

I 10  083 

82  944 

83  627 

1 17  490 
108  788 

87  127 
126  404 
92  357 
67  685 
96  320 
100  862 
98  592 

1 . 

1  ,  ;  ,  ,  ... 

Total . 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 
I9U3 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 


$678  225a 
702  6840 
795  348a 
888  309a 
401  728 
452  874 
365  839 
400  396 
452  002 
486  908 
370  377 
387  083 
636  668 
892  855 
913  366 
131  860 
047  261 
759  299 
957  079 
037  737 
991  799 


$14  749  697 


a  Includes  value  of  lime  burned  by  Solvay  Process  Company  and  Union  Carbide  Company . 
which  in  later  years  is  reported  under  limestone. 


Producers  of  limestone  including  lime  in  1924 


name  Albany  county  address 

Hotaling  Quarry  Co.,  Inc .  Ravena 

(C.  P.  Hotaling,  Mgr.) 

The  Callanan  Road  Impr.  Co .  Box  773,  Albany 


Cayuga  county 


Auburn  City  Quarry. . .  Public  Works  Dep’t,  City  Hall, 

Auburn 

Rock  Cut  Stone  Co .  ^31  Union  Bldg.,  Syracuse 

Brayer  Bros.  . . .  vox/t  Lincoln  street,  Auburn 

Town  of  Moravia . .  Highway  Superintendent,  Moravia 


Clinton 

George  Abdella  . . . 

The  Chazy  Marble  Lime  Co.  ......... 

A.  Florentine  ....................... 

Gebo  &  Bushey  . . 


county 

Plattsburg 

Chazy 

126  N.  Beekman  street,  Plattsburg 
Plattsburg 


Dutchess 

Kelley  Island  Lime  &  Transport  Co... 
Spoor-Lasher  Co.,  Inc. ................ 

Carbonate  Lime  Corp . . 

N.  Y.  Traprock  Corp . 


county 

Cleveland,  Ohio 
Market  street,  Poughkeepsie 
1 01  Park  avenue,  New  York 
1 01  Park  avenue,  New  York 
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name  Erie  county  address 

General  Crushed  Stone  Co .  702  Drake  Bldg.,  Easton,  Pa. 

The  Bituminous  Paving  Corp .  430  E.  Delevan  avenue,  Buffalo 

Buffalo  Cement  Co.,  Ltd. .  no  Franklin  street,  Buffalo 

Buffalo  City  Cemetery .  Delevan  avenue,  Buffalo 

Buffalo  Crushed  Stone  Co .  1048  Ellicott  square,  Buffalo 

Kelley  Island  Lime  &  Transport  Co..  ..  Cleveland,  Ohio 
Joseph  Lang  . . . .  354  Utica  street,  Buffalo 

Fulton  county 

Willard  A.  Kegg .  Cranberry  Creek 

R.  S.  Anibal  .  31  Orchard  street,  Gloversville 

Merl  Haines  .  Mayfield 


Genesee  county 

Genesee  Stone  Products  Corp .  Batavia 

LeRoy  Lime  &  Crushed  Stone  Corp..  .  R.  D.,  Box  33.  LeRoy 

Greene  county 

General  Crushed  Stone  Co .  Easton,  Pa. 

Geo.  W.  Holdridge  &  Co .  96  W.  Bridge  street,  Catskill 

Terry  Limestone  Corp .  R.  D.  2,  Catskill 


Herkimer  county 

Newport  Crushed  Stone  Co.,  Inc .  Newport 

Southern  N.  Y.  Power  &  Ry.  Corp....  Cooperstown 


Jefferson  county 

The  Adams  &  Duford  Co .  Chaumont 

Watertown  Stone  Products  Co . .  Watertown 

The  Basic  Refractories  Corp . .  114  N.  George  street,  York,  Pa. 


Lewis  county 

R.  W.  Moren .  5  Church  street,  Lowville 

Madison  county 

F.  E.  Conley  Stone  Co . . . .  253  Union  Station,  Utica 

Worlock  Stone  Co.,  Inc .  R.  D.  4,  Canastota 


Monroe  county 

Dolomite  Products  Co .  124  Elswanger  &  Barry  Bldg., 

Rochester 

Britton  Crushed  Stone  Co .  717  C.  of  C.  Bldg.,  Rochester 

W.  N.  Britton 

Whitmore,  Rauber  &  Vicinus .  279  South  avenue  S.,  Rochester 

Scott  Bros . . . . . .  31  Exchange  street,  Rochester 


Werklieren  Bros.  ...... 

Stanley  W.  Olsen . 

Mohonk  Contracting  Co. 

John  Olman  . 

Cushing  Stone  Co . . 

H.  J.  Burkdorf  &  Son.  . 


Montgomery  county 
..........  Amsterdam 

. .  61  Jay  street,  Amsterdam 

.  26  River  street,  Amsterdam 

.  2  Cockrane  avenue,  Amsterdam 

.  434  State  street,  Schenectady 

.  R.  D.  3,  St  Johnsville 
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name  Niagara  county  address 

Wickwire  Spencer  Steel  Corp..  ...... .  P.  O.  Station  B,  Buffalo 

F.  E.  Shardon . . .  197  West  avenue,  Lockport 

Oneida  comity 

Peerlesls  Quarries  Inc .  45  Mann  Bldg.,  Utica 

L  &  M  Stonei  Co. . .  Bank  place,  Utica 

Onondaga  county 

Onondaga  County  Quarry .  Court  House,  Syracuse 

Rock  Cut  Stone  Co . . .  531  Union  Bldg.,  Syracuse 

Solvay  Process  Co .  Syracuse 

The  Britton  Quarries  Co.,  Inc.........  1 1 5  S.  Salina  street,  Syracuse 

S.  F.  Clough  Sand  &  Stone  Co.,  Inc...  1509  S.  Salina  street,  Syracuse 
Dunham  Stone  Co .  114  McCarthy  avenue,  Syracuse 

Ontario  county 

Geneva  Stone  Corp.. .  Oaks  Corners 

Orange  county 

Newburgh  Crushed  Stone  Corp .  Little  Britain  road,  Newburgh 

Rockland  county 

The  Tompkins  Cove  Stone  Co .  30  Church  street,  New  York 

St  Lawrence  county 

Gouverneur  Limestone  Co . .  Gouverneur 

St  Lawrence  State  Hospital,  Lewis 

Webb,  Steward .  Station  A.,  Ogdensburg 

Joseph  McConville .  27  Grove  street,  Ogdensburg 

Ogdensburg  City  Quarry . . .  City  Clerk,  Ogdensburg 

Richville  Limestone  Co . . .  Carthage 

Saratoga  county 

Gailor  Stone  Co . . .  285  Maple  avenue,  Saratoga  Springs 

Schoharie  county 

Norton  Stone  &  Lime  Co .  Cobleskill  • 

Mix  Stone  Co .  Schoharie 

Willard  T.  Smith . . . .  Sharon  Springs 

Seneca  county 

George  M.  Fisher .  33  Center  street,  Seneca  Falls 

Ulster  county 

H.  L.  Devoe  . .  Accord 

Ralph  Hiller  . . . . .  Hurley 

City  of  Kingston . .  Kingston 

State  of  New  York . .  State  Highway  Dep’t,  Albany 

New  York  Traprock  Co.,  Inc .  101  Park  avenue,  New  York 

A.  J.  Snyder  &  Co.. . .  Rosendale 

Warren  county 

Finch,  Pruyn  &  Co. .  1  Glen  street,  Glens  Falls 

Jointa  Lime  Co . . . .  Glens  Falls 

Queensbury  Stone  Co.,  Inc .  Hudson  Falls 

The  F.  W.  Wait  Lime  Co.. . .  Glens  Falls 
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NAME 

Keenan  Lime  Company. .  . . 

Washington  county  address 

New  York  Traprock  Corp. 
Carbonate  of  Lime  Corp... 
Tuckahoe  Stone  Co . 

Westchester  county 

Producers  of  marble  in  1924 


Vermont  Marble  Co . 

Day  Ouarry  Co . 

Clinton  county 

.  Proctor,  Vt. 

.  Plattsburg 

South  Dover  Marble  Co... 

Dutchess  county 

New  York 

Gouverneur  Marble  Co . 

St  Lawrence  county 
. Gouverneur 

Kapailo  Mfg.  Co . 

Benedict  Stone  Co . 

Conlin  Marble  Co.,  Inc . 

Westchester  county 

Producers  of  granite  in  1924 

Essex  county 

Keystone  Green  Granite  Co .  Waterbury,  Vt. 

Champlain  Green  Granite  Co .  Union  State  Bank  Bldg.,  Au  Sable 

Forks 

Crown  Point  Spar  Co.,  Inc .  101  Park  avenue,  New  York 


M.  L.  Thomas . 

General  Crushed  Stone  Co. 

Herkimer  county 

Wisconsin  Granite  Co . 

William  Slate  . 

Jefferson  county 

Grenci  &  Ellis . 

John  Brown  &  Sons . 

William  W.  Bachman . 

Westchester  county 

Producers  of  sandstone  in  1924 


Crippen  Bros . 

Franklin  county 

C.  B.  Whitmore  Co. . 

Niagara  county 

Orange  county 

Otisville  Sand  &  Gravel  Co .  Otisville 
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name  Orleans  county  address 


East  Albion  Stone  Co . . 

M.  A.  Ryan  Sandstone  Quarries 

James  L.  Clark . 

Thomas  Monacelli  . 

DiLaura  Stone  Co . . . 

Moore  &  Waite  . 

Aufidena  Stone  Co . . . 

Barney  Bros . 

John  J.  Burns  . . . 

Thomas  Vincelli  . 

Holley-Medina  Stone  Co . 


Albion 

13  Beaver  street,  Albion 

Hulburton 

Albion 

Albion 

Hulburton 

Fancher 

Albion 

Holley 

Hulburton 

Holley 


Schenectady  county 

Schenectady  Railway  Co .  512  State  street,  Schenectady 

Webster  &  Springer  Co.,  Inc .  602  Lenox  rd.,  Schenectady 


Schoharie  county 

N.  Y.  City  Board  of  Water  Supply...  Municipal  Bldg.,  New  York 


Tompkins  county 

Superintendent  of  Buildings  &  Grounds 

C.  E.  Curtis,  Sup’t . . . .  Cornell  University,  Ithaca 

Producers  of  bluestone  in  1924 

Broome  county 

D.  G.  Underwood .  Deposit 


Chenango  county 

Clarke-Conroy  Co .  Miller  Block,  Norwich 

O.  Graham  &  W.  A.  Aylesworth .  Oxford 

Delaware  county  ' 

Herbert  Shaw  . . .  167  Clinton  avenue,  Kingston 

Henry  Prigge  . . .  550  Liberty  avenue,  Jersey  City,  N.  J. 

Harold  A.  Schneider . .  East  Branch 

Johnston  &  Rhodes  Bluestone  Co .  East  Branch 

William  P.  Schneider .  Horton 

Kenney  Bros .  Long  Eddy 

J.  E.  Goodsir . . .  Sidney 

Schoharie  county 

Jos.  E.  Wands .  Esperance 


Steuben  county 

Corning  Stone  Co. .  Corning 

Ulster  county 

Catskill  Mountain  Blue  Stone  &  Piling 

Corp . . .  Saugerties 

John  Maxwell  &  Son .  Saugerties 

E.  E.  Molyneaux  .  Pine  Hill 
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name  Wyoming  county  address 

Portageville  Bluestone  Co .  Olean 

American  Bluestone  Company . .  Portageville 

Producers  of  trap  in  1924 

Rockland  county 

Belmont-Gurnee  Stone  Co.,  Inc. . . .  North  Bergen,  N.  J. 


Producers  of  miscellaneous  stone  in  1924 

New  York  Central  R.  R.  Co .  New  York 


Niagara  county 


N  iagara  County  . . .  Lockport 

Queens  county 

Emmet  S.  Simpson .  Queens 
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TALC 

The  mining  of  talc  is  confined  to  the  counties  of  St  Lawrence  and 
Lewis.  The  Gouverneur  district  of  St  Lawrence  county  lies  to  the 
east  and  southeast  of  Gouverneur  in  the  towns  of  Edwards  and  Fow¬ 
ler.  Here  in  a  narrow  belt  of  Precambrian  limestones  extending 
through  the  village  of  Edwards  and  to  the  southwest  as  far  as  Sylvia 
lake,  are  located  important  talc  deposits  and  mines. 

A  second  belt  of  talc  deposits  is  parallel  to  the  one  heretofore 
mentioned  and  lies  a  few  miles  to  the  south.  This  second  belt  ex¬ 
tends  into  Lewis  county  where  talc  mining  was  started  in  1911  near 
Natural  Bridge. 
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Production 

In  1923,1  New  York  produced  36  per  cent  of  the  total  tonnage  of 
talc  mined  in  the  United  States.  Other  producing  states  with  an  out¬ 
put  of  more  than  4  per  cent  of  the  total,  were  Vermont,  34  per  cent; 
Virginia,  14  per  cent ;  and  California,  8  per  cent.  In  general,  it  may 
be  said  that  New  York  and  Vermont  together  produce  70  to  75  per 
cent  of  the  talc  output  for  the  United  States. 

Altogether  there  are  ten  states  producing  talc.  The  talc  produced 
in  the  eastern  states  is  associated  with  somewhat  irregular  belts  of 
crystalline  rocks  extending  from  New  York  and  Vermont  through 
the  Atlantic  states  into  Georgia.  California  is  the  only  talc-produc¬ 
ing  state  in  the  West. 


Production  of  talc  in  New  York  since  1919 


YEAR 

SHORT  TONS 

VALUE 

I919 . 

62  495 
68  168 
37  489 
71  470 

7 1  304 
78  340 

$ 750  765 
9 77  228 
464  645 
1  116  914 
1  079  322 

1  162  488 

I92O.  .  . . 

1921 . 

1922 . 

I923 . 

I924 . 

Total . . 

389  266 

$5  55i  362 

Production  of  talc  in  New  York  over  a  20-year  period  has  totaled 
1,324,147  short  tons  with  a  value  of  $13,714,302.  During  the  first 
ten  years  of  the  20-year  period  production  totaled  nearly  half  the 
tonnage,  with  an  average  of  about  63,000  short  tons  a  year.  In  the 
second  ten-year  period  a  gain  in  tonnage  of  about  10  per  cent  was 
made,  with  an  average  of  about  69,000  tons  a  year.  The  average 
price  a  ton,  on  the  other  hand,  for  the  first  ten-year  period  was  $8.45  ; 
for  the  second  ten-year  period,  $12.08,  or  a  price  increase  of  more 
than  40  per  cent. 

During  the  whole  20-year  period,  from  1904  to  1923,  production  has 
averaged  better  than  66,000  short  tons  a  year.  In  1919  the  output  was 
62,495,  somewhat  below  the  average;  in  1920,  68,168,  slightly  above. 
Then  came  a  year  of  general  depression,  in  the  course  of  which 
tonnage  dropped  to  the  lowest  point  of  that  20-year  period — in  fact, 
the  lowest  it  had  been  in  28  years — 37,489  short  tons.  This  drop  in 


1  Since  the  above  was  written,  the  1924  production  of  talc  has  been  com¬ 
piled.  Tonnage  and  value  are  given  in  table  of  production. 
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tonnage  was  comparable  to  that  which  occurred  at  the  same  time  in 
Vermont  and  in  fact  all  over  the  country.  In  1922,  however,  tonnage 
for  New  York  rebounded  to  71,470  short  tons,  a  91  per  cent  increase 
over  the  previous  year,  while  its  value  increased  140  per  cent  over 
the  value  of  the  1921  tonnage.  In  Vermont  for  the  same  year,  tonnage 
made  a  recovery  with  55  per  cent  increase  in  quantity  and  only  49 
per  cent  increase  in  value.  In  1923  production  and  price  remained 
fairly  constant  with  those  of  1922 — 71,304  short  tons  and  a  value  of 
$1,079,332,  as  against  71,470  short  tons  in  1922  with  a  value  of 
$1,116,914.  Advance  totals  for  1924  indicate  still  further  improve¬ 
ment  both  in  tonnage  and  value — tonnage  reaching  78,340  short  tons 
with  a  value  of  $1,162,488.  Except  for  the  year  1916,  this  is  the 
highest  tonnage  ever  attained.  Without  exception,  its  value  is  higher 
than  ever  before.  It  is  interesting  to  note  that  the  value  of  talc  for 
the  three  years,  1922,  1923  and  1924,  approaches  one-fourth  the 
total  value  of  the  industry  in  20  years  previous  to  1924. 

For  the  five-year  period  from  1914  to  1919  production  totaled 
382,663  short  tons  and  value  $3,993,001,  with  an  average  selling 
price  of  $10.43  a  ton.  From  1919  to  1923,  which  included  the  re¬ 
duced  production  of  the  year  1921,  production  totaled  310,926,  with 
a  total  value  of  $4,388,874.  The  average  selling  price  of  $14.11  was 
more  than  twice  that  of  1904.  The  highest  average  selling  price  was 
$15.62  for  the  year  1922.  This  was  closely  rivalled  by  that  of  1923, 
which  was  $15.13. 

Altogether  the  output  of  talc  in  the  State  up  to  1924  has  amounted 
to  about  2,500,000  tons  valued  at  $21,500,000.  Shipments  began  to  as¬ 
sume  importance  about  1880,  but  talc  was  mined  on  a  small  scale  be¬ 
fore  that  date,  which,  however,  marks  the  inauguration  of  continuous 
operations  in  the  Edwards  district. 

At  present  three  firms  are  engaged  in  the  production  of  talc  in 
New  York:  the  Carbola  Chemical  Co.,  C.  J.  Zimmerman,  president, 
299  Ely  avenue,  Long  Island  City;  the  International  Pulp  Co., 
Michael  Doyle,  president,  41  Park  row,  New  York;  and  the  W.  H. 
Loomis  Talc  Corp.,  W.  H.  Loomis,  president,  Gouverneur.  The 
first  of  the  above  companies  operates  in  Lewis  county,  the  other  two 
in  St  Lawrence  county. 

References 

Brinsmade,  Robert  E. 

1905  Talc  in  Northern  New  York.  The  Eng.  &  Min.  Jour.,  Dec.  23, 
1905,  p.  H5S-57 

Cushing,  H.  P.  &  Newland,  D.  H. 

1925  Geology  of  the  Gouverneur  Quadrangle.  N.  Y.  State  Mus.  Bui. 
259,  p.  109-16 


MINING  AND  QUARRY  INDUSTRIES  OF  NEW  YORK  I919-24  97 

Diller,  J.  S. 

1912  Talc  and  Soapstone.  Mineral  Resources  of  the  United  States, 
Part  2,  p.  1133-60 
Nevius,  J.  Nelson 

1899  Talc  Industry  of  St  Lawrence  County,  New  York.  N.  Y.  State 
Mus.  Rep’t  51,  v.  1,  p.  rii9-ri27 

Newland,  D.  H. 

1921  Talc.  The  Mineral  Resources  of  the  State  of  New  York.  N.  Y. 
State  Mus.  Bui.  223-24,  p.  283-95 

Smyth,  C.  H.  jr 

1896  The  Genesis  of  the  Talc  Deposits  of  St  Lawrence  County,  N.  Y. 
School  of  Mines  Quarterly,  (Columbia  University),  v.  17,  July, 
1896,  p.  283-95 

ZINC 

The  zinc  ore  mined  in  New  York  is  known  as  sphalerite  (Zn  S), 
or  zinc  blende.  This  mineral  is  also  known  simply  as  blende  and 
blackjack.  Pure  ore  contains  67  per  cent  zinc. 

The  two  regions  in  New  York  where  zinc  has  been  found  in  suffi¬ 
cient  quantities  to  be  mined  are  rather  remote  from  each  other,  and 
the  zinc  ores  in  the  two  regions  occur  in  rocks  differing  greatly  in 
geologic  age. 

In  the  older  rocks  of  Precambrian  age  in  St  Lawrence  county  are 
found  the  zinc  ores  of  the  Edwards  district,  whereas  the  zinc  deposits 
of  the  Shawangunk  range,  which  extends  from  Ulster  county  south¬ 
west  into  New  Jersey,  is  of  Silurian  age.  Although  zinc  ores  were 
known  to  exist  in  the  Edwards  district  in  1835,  it  was  not  until  about 
1903  that  serious  prospecting  was  undertaken,  which  finally  resulted 
in  active  mining  and  shipments  in  1915.  Since  that  time  operations 
have  been  carried  on  continuously. 

Practically  all  the  zinc  ore  produced  in  the  Edwards  district  has 
been  taken  from  the  mine  of  the  Northern  Ore  Company  of  Edwards. 
(Since  1924  this  mine  has  been  operated  by  the  New  York  Zinc  Co., 
Inc.,  Edwards.)  In  addition  to  the  deposits  of  ore  being  worked  near 
Edwards,  a  dozen  or  more  prospects  have  been  found  between  this 
place  and  Sylvia  lake  ten  miles  to  the  southwest.  Of  these  prospects 
only  one  has  been  developed  to  the  proportions  of  a  mine.  This  is 
the  Hyatt  mine  southwest  of  Talcville.  Here  some  operations  were 
carried  on  between  the  years  1918-22,  at  which  time  workings  had 
been  carried  to  a  depth  of  425  feet. 

In  the  Shawangunk  mountain  region  some  of  the  deposits  contain¬ 
ing  zinc  were  rather  extensively  worked  between  1830  and  1840.  In 
the  early  operations  the  main  mineral  sought  was  galena,  which  is 
found  associated  with  the  sphalerite.  The  latter  mineral  is,  however, 
the  more  abundant.  Other  metallic  minerals  present  in  small  amounts 
include  chalcopyrite  and  silver.  The  main  deposits  of  the  ores  are 
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within  fracture  zones  of  the  Shawangunk  grit  and  conglomerate,  and 
here  the  ores  are  found  in  fissures,  brecciated  veins,  and  along  bedding 
planes.  None  of  the  zinc-bearing  ores  of  the  region  have  been  mined 
for  a  number  of  years,  but  one  of  the  mines  operated  during  1918 
produced  a  few  tons  of  lead  together  with  some  silver. 

The  Ellenville  mine  is  the  most  northerly  of  the  Shawangunk  dis¬ 
trict  and  was  first  opened  about  1820.  Mining  operations  have  been 
carried  on  at  various  times  during  the  past  100  years.  In  1840  the 
mine  was  operated  by  the  North  American  Coal  and  Mining  Co. 
The  period  of  greatest  activity  was  during  1853-57,  when  the  mine 
was  operated  by  the  Ulster  Company.  About  1904-5  a  milling  plant 
was  erected  at  the  mine  and  operations  were  carried  on  for  a  short 
time  by  the  Ellenville  Zinc  Co.  The  last  activity  at  the  mine  was  in 
1917  when  the  shaft  was  unwatered  and  some  prospecting  done  by  the 
Empire  State  Zinc  Co.  A  tunnel  a  short  distance  north  of  the  above 
described  mine  was  driven  many  years  ago.  It  is  in  a  fracture  zone 
in  which  considerable  water  is  found.  For  a  number  of  years  the 
water  from  within  this  tunnel  was  utilized  by  the  Sun  Ray  Spring 
Co.  for  a  table  water.  The  mine  at  Ellenville  has  long  been  of  in¬ 
terest  to  mineralogists  and  here  have  been  obtained  many  beautiful 
groups  of  quartz  crystals. 

The  mine  near  Summitville,  Sullivan  county,  was  originally  known 
as  the  Shawangunk  deposit,  and  was  extensively  worked  during  the 
period  1830-40.  A  somewhat  detailed  account  of  the  operations 
during  the  period  is  given  by  Mather  who  states  that  the  lead  ore 
was  treated  in  a  local  smelter.  The  ore  consists  of  the  sulphides  of 
zinc,  lead,  copper  and  iron.  A  little  silver  is  also  present  and  at  times 
has  been  recovered.  The  mine  was  last  worked  by  the  St  Nicholas 
Zinc  Co.  in  1918.  The  ore  was  brought  down  to  the  mill  by  an  aerial 
tramway  1600  feet  long.  Zinc,  lead  and  the  small  amount  of  silver 
present  were  recovered. 

The  Guymard  mine  is  just  north  of  the  Erie  Railroad  station  at 
Guymard.  The  deposit  is  said  to  have  been  discovered  in  1862  and 
active  operations  were  carried  on  by  the  Guymard  Lead  and  Zinc 
Co.  from  1863  to  1870.  The  ore  was  shipped  to  Newark,  N.  J.,  for 
smelting  and  the  zinc  was  utilized  in  the  manufacture  of  zinc  oxide. 
Altogether  the  output  for  the  above  period  of  zinc  and  lead  ore 
amounted  to  about  10,000  tons.  The  mine  was  closed  in  1870  and 
except  for  a  brief  active  period  during  the  ’8o’s  no  further  production 
has  been  reported.  In  1917  the  mine  was  partly  unwatered  with  a 
view  of  resuming  mining  operations,  but  this  activity  did  not  result 
in  the  mining  of  any  ore. 
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Near  Otisville,  a  few  miles  north  of  Guymard,  is  a  mine  that  was 
once  worked  by  the  Washington  Mining  Co.  No  details  of  the  min¬ 
ing  operations  are  available.  Some  prospecting  was  done  at  this 
mine  during  1906-7  by  the  Phoenix  Lead  Co.,  Paterson,  N.  J.,  but 
the  operations  did  not  reach  the  production  stage. 


Production  of  zinc  in  New  York  since  1915 


I9I5- 

1916. 

1917. 

1918. 

1919. 

1920. 

1921. 

1922. 

1923. 

1924. 


Total 


YEAR 


ZINC  ORE  IN  ZINC  IN 
SHORT  TONS  SHORT  TONS 


VALUE 


I4  398 
40  800 
47  961 
40  850 
5i  4ii 
53  78o 


2  455 

4  507 

5  192 

3  77 6 
5  120 
5  654 


$649  593 
1  154  152 
1  059  186 
687  230 
747  666 
915  948 


39  940 
53  400 
63  660 

40  350 


1  572 
4  816a 

8  463 

4  664 


157  200 
549  024 
1  150  968 
606  320 


446  550 


46  219 


$7  677  287 


a  Includes  some  zinc  from  ore  treated  in  1921. 

A  deposit  of  these  ores  is  also  found  near  Spring  Glen  and  de¬ 
scribed  by  Mather  as  “situated  on  the  Shawangunk  mountain  about 
one  mile  east  of  Redbridge,  and  six  or  seven  miles  from  Wurtsboro; 
at  an  elevation  of  600  or  700  feet  above  the  valley.”  Redbridge  does 
not  appear  on  the  present-day.  maps,  but  according  to  Mather’s 
section,  which  is  drawn  to  scale,  the  place  is  three  miles  southwest  of 
Ellenville  as  shown  on  the  line  of  section. 

In  addition  to  the  two  zinc  districts  previo,  dy  mentioned,  a  num¬ 
ber  of  occurrences  of  sphalerite  in  small  veins  or  cavities  have  been 
recorded  from  the  Paleozoic  limestones  of  the  State.  These  localities 
include:  the  Beekmantown  and  Trenton  limestones  at  many  places 
bordering  the  Adirondacks ;  just  west  of  Saratoga  Springs  in  an  old 
limestone  quarry;  near  Salisbury  Corners,  Herkimer  county;  at 
Martinsburg,  Lewis  county,  associated  with  galena  and  pyrite;  two 
miles  south  of  Sprakers  Basin,  Montgomery  county,  associated  with 
galena;  in  the  Lockport  and  Clinton  limestones  of  western  New  York 
in  and  near  the  city  of  Rochester  and  at  Lockport. 
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INSECTS  AND  HEALTH 

INTRODUCTION 
Insects  as  Disease  Carriers 

The  fact  that  insects  are  important  carriers  of  such  diseases  as 
typhoid  fever,  cholera,  other  affections  of  the  digestive  tract,  and 
Egyptian  ophthalmia,  and  sole  carriers  of  malaria,  yellow  fever, 
plague,  typhus,  trench  fever,  relapsing  fever,  filariasis,  dengue  or 
breakbone  fever,  and  sleeping  sickness,  indicates  the  effect  they  may 
have  upon  human  health  and  happiness. 

The  foregoing  enumeration  of  serious  human  infections  deserves 
more  than  a  passing  thought.  The  frightful  mortality  from  plague 
in  the  Middle  Ages  and  during  recent  years  in  India,  taken  in  con¬ 
nection  with  the  fact  that  it  appeared  recently  at  several  American 
ports,  indicates  a  real  menace  to  the  welfare  of  our  people  unless 
the  early  detection  and  rigorous  repressive  measures  characteristic 
of  these  American  outbreaks  continue  to  prevail.  The  ravages  of 
cholera  and  typhus,  in  particular,  are  so  well  known  that  further 
exposition  is  unnecessary.  The  deadly  yellow  fever,  the  terror  up 
to  recent  years  of  our  southern  ports,  has  been  known  in  both 
Philadelphia  and  New  York  City,  though  not  in  recent  years.  A 
little  laxity  in  sanitation  is  all  that  is  necessary  for  the  reestablish¬ 
ment  of  certain  of  these  infections. 

The  blight  laid  upon  malarial  regions  is  something  not  adequately 
appreciated  in  this  country.  This  disease  affects  some  three  million 
people  in  the  Southern  States  and  causes  annually  economic  losses 
estimated  at  one  hundred  million  dollars.  Dr  H.  R.  Carter  states 
that  the  loss  from  malaria  in  the  South  is  beyond  comparison  greater 
than  that  caused  by  any  other  disease  or  even  by  two  or  three  other 
diseases  combined. 

The  estimated  mortality  from  malaria  in  the  United  States  during 
1916  was  fifteen  thousand  and  the  approximate  number  of  cases  was 
placed  at  one  million.  Each  death  from  malaria  means  some  2000 
to  4000  sick  days  with  its  accompanying  economic  losses.  Dr  L.  O. 
Howard,  chief  of  the  Federal  Bureau  of  Entomology,  estimates  that 
one-fourth  of  the  productive  capacity  is  lost  in  the  case  of  individuals 
suffering  from  malaria.  A  concrete  picture  of  conditions  resulted 
from  the  work  conducted  by  Professor  D.  L.  Van  Dine  a  few  years 
ago.  His  studies  on  a  plantation  of  1800  acres  supporting  74  families 
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or  299  individuals  showed  that  there  was  a  loss  through  malaria  of 
$2200  on  account  of  sickness,  and  a  total  of  $4300  through  ineffici¬ 
ency  caused  by  this  infection.  This  obtained  in  a  typical  area  in 
Madison  Parish,  La.  An  inspiring  and  most  readable  account  of 
developments  in  medical  entomology  may  be  found  in:  A  Fifty-Year 
Sketch  of  Medical  Entomology,  by  L.  O.  Howard  (cf  Howard  1923). 

Mosquito  control  work  was  conducted  in  1923  in  11  Southern 
States  and  in  seven  of  these  approximately  200,000  cases  of  malaria 
were  reported  to  state  health  departments. 

The  possibilities  in  mosquito  control  are  shown  by  the  work  in 
10  New  Jersey  counties  in  1923.  A  total  of  $300,000  was  expended 
for  the  protection  of  two  million  people,  at  an  average  per  capita 
cost  of  1 5  cents.  This  very  low  average  is  possible  only  in  thickly 
settled  areas. 

Insects  and  Comfort 

Insects  also  affect  human  health  and  comfort  seriously  in  the 
annoyance  and  irritation  they  may  cause,  as  for  example  the  buzzing 
and  disturbing  action  of  the  house  fly,  the  humming  and  biting  of 
various  mosquitoes  and  in  the  open  the  sometimes  unbearable 
attacks  by  hordes  of  black  flies.  In  all  of  these  cases  the  injury  or 
annoyance  from  one  insect  is  comparatively  small,  although  the 
result  is  very  different  when  these  attacks  continue  over  considerable 
periods  and  there  are  hosts  of  tiny  persecutors.  Occasionally  con¬ 
ditions  arise  which  make  rest  nearly  impossible,  and  in  not  a  few 
cases  there  is  a  material  lowering  of  bodily  vigor  from  continued 
insect  attacks.  The  very  severe  irritation  produced  by  the  drifting 
hairs  of  the  brown  tail  moth  in  New  England  localities  where  this 
introduced  insect  was  very  abundant  is  one  of  the  special  cases 
deserving  mention. 

Types  of  Insect  Carriers 

It  is  important  to  note  at  the  outset  that  carrying  diseases  is 
largely  involuntary  with  most  insects,  and  furthermore  it  should  be 
clearly  recognized  that  they  must  first  gain  access  to  some  infection 
before  they  are  able  to  pass  it  along. 

There  are  two  methods  of  disease  carrying  commonly  found  among 
insects.  In  a  number  of  instances  they  serve  as  purely  mechanical 
agents,  as  in  the  case  of  the  house  fly.  This  insect  may  carry  dis¬ 
eases  upon  its  hairy,  filthy  body,  may  eject  infected  saliva  or  even 
deposit  deadly  infections  with  its  dejecta  upon  human  food. 

A  number  of  insects  serve  as  alternate  hosts  for  disease  organisms, 
as  in  the  case  of  the  malarial  mosquito.  The  parasites  in  such  a 
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case  undergo  definite  transformations  within  the  body  of  the  insect 
and  a  certain  period  must  elapse,  some  io  or  12  days,  between  the 
time  the  mosquito  feeds  upon  an  infected  person  and  its  successfully 
conveying  the  infection  to  another  individual. 

Factors  Restricting  Infection 

The  chances  of  spreading  disease  in  either  instance  are  propor¬ 
tional  to  the  opportunities  for  infection  and  the  frequency  of  contact 
with  human  beings.  It  therefore  follows  that  the  insects  more 
commonly  associated  with  man,  other  things  being  equal,  are  most 
likely  to  be  disease  carriers. 

Four  important  factors  are  involved  in  the  transmission  of  insect- 
borne  diseases,  namely:  infection,  carriers,  non-immunes,  and 
breadth  of  contact.  It  is  obvious  that  diseases  can  not  be  dissem¬ 
inated  without  a  source  of  infection  and  that  a  carrier  must  be 
available. 

The  part  non-immunity  plays  is  frequently  overlooked.  Residence 
in  an  area  where  an  infection  commonly  occurs  very  frequently 
results  in  light  attacks  early  in  life  and  large  if  not  complete  immunity 
thereafter.  Europeans  resident  in  China,  for  example,  must  be 
much  more  careful  of  their  diet  than  natives,  because  the  latter  have 
developed  a  certain  degree  of  immunity  to  intestinal  infections. 
The  native  residents  of  malarial  sections  are  also  comparatively 
free  from  this  disease,  although  if  a  few  with  the  infection  in  a  latent 
condition  in  the  blood  move  to  an  area  where  there  is  a  high  percent¬ 
age  of  non-immunes,  this  change  is  very  likely  to  be  followed  by  an 
explosive  outbreak  of  malaria. 

The  last  mentioned,  namely,  breadth  of  contact,  is  more  important 
than  may  appear  at  first  sight.  A  very  narrow  contact,  for  example, 
means  only  occasional  cases  here  and  there,  whereas  a  broad  contact 
may  result  in  larger  epidemics,  sometimes  sweeping  away  a  very 
considerable  proportion  of  the  population,  as  in  the  case  of  the 
plague  in  the  Middle  Ages  and  sleeping  sickness  during  recent  years 
in  equatorial  Africa.  The  breadth  of  contact  was  really  the  factor 
which  prevented  the  French  from  building  the  Panama  canal. 
There  are  in  most  sections  of  the  world  germs  of  insect-borne  diseases, 
carriers  and  non-immunes.  The  reason  there  is  not  more  illness  from 
these  causes  is  due  to  the  narrowness  of  the  contact.  For  example, 
it  was  found  during  recent  years  in  Greenville,  S.  C.,  that  good 
privies  afforded  an  efficient  control  of  typhoid  fever  in  spite  of  there 
being  1200  shallow  wells. 
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The  control  or  prevention  of  infections  conveyed  by  insects  there¬ 
fore  resolves  itself  in  a  general  way  at  least  into  the  maintenance  of 
sanitary  measures.  The  first  care  should  be  to  eliminate  oppor¬ 
tunities  for  insect  infection  and  the  second  to  guard  against  infected 
insects. 

The  modern  trend  toward  sanitary  conveniences  in  dwellings  and 
other  city  structures  has  eliminated  many  opportunities  for  insects 
to  gain  access  to  pathogenic  matter,  and  yet  careful  examinations 
of  sections  in  many  cities  would  show  that  this  supposed  immunity 
is  more  apparent  than  real.  A  careful  survey  of  alleys,  backyards 
and  unoccupied  lots  within  city  limits  would  reveal  many  hitherto 
ignored  opportunities  for  insect  infection.  If  it  is  granted  that 
wastes  from  the  human  body  are  most  prolific  sources  for  infection, 
then  in  the  case  of  smaller  villages  and  rural  districts  the  sanitary 
conditions  in  relation  to  these  latter  remain  about  as  they  were 
many  years  ago.  There  is  need  of  careful  reexamination  of  these 
conditions  and  the  establishment  of  methods  which  will  reduce  to 
a  very  considerable  extent  the  possibilities  of  insect  infection. 

It  should  be  generally  recognized  that  most  insects  troublesome 
about  dwellings  find  attractive  conditions  in  the  near  vicinity  and 
rarely  travel  long  distances.  In  other  words,  most  communities 
seriously  troubled  with  flies,  mosquitoes  or  other  pests  are  usually 
providing  very  satisfactory,  nearby  breeding  places  for  these  insects. 
The  realization  of  this  should  make  it  comparatively  easy  to  modify 
practices  in  such  a  way  as  to  reduce  greatly  the  numbers  of  the 
pests.  For  example,  the  rather  general  replacement  of  horses  by 
automobiles  in  the  last  20  years  has  produced,  without  any  special 
care  in  other  directions,  a  very  great  decrease  in  the  fly  population 
of  many  communities.  Experience  in  many  localities,  particularly 
along  the  Atlantic  seaboard,  has  abundantly  demonstrated  the 
possibility  of  eliminating  the  mosquito  nuisance  even  under  most 
adverse  conditions  and  without  excessive  expenditures. 

Causes  of  Insect-borne  Diseases 

Most  if  not  all  the  diseases  affecting  man  and  carried  by  insects 
are  caused  by  minute  microscopic  or  ultramicroscopic  plant  and 
animal  organisms,  many  of  the  latter  belonging  to  a  large  group  of 
one-celled  animals  known  as  Protozoa.  Certain  of  these  minute 
organisms  approach  each  other  so  closely  that  it  is  not  always  easy 
to  distinguish  between  those  belonging  with  the  plants  and  others 
which  should  be  classed  as  animals.  Some  live  in  the  intestinal 
tract  and  others  occur  in  the  blood  stream  of  man. 
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Three  well-known  diseases,  namely,  tuberculosis,  typhoid  fever 
and  Asiatic  cholera  are  all  caused  by  minute  plant  organisms  known 
respectively  as  Bacillus  tuberculosis  Koch,  B.  typho¬ 
sus  Eberth,  and  Spirillum  cholerae  Koch.  All  are  classed 
with  the  fungi,  and  insects  such  as  the  house  fly  serve  simply 
as  mechanical  carriers.  The  organism  producing  diphtheria, 
Bacillus  diphtheriae  Klebs,  also  belongs  here  and  experi¬ 
mental  data  have  shown  that  the  bacilli  may  be  ingested  and  dis¬ 
seminated  by  flies.  Anthrax,  produced  by  Bacterium 
anthracis  Dav.,  is  carried  by  flies,  most  often  probably  by 
biting  flies. 

There  are  considerable  series  of  minute  Protozoa  and  other  animals 
which  produce  diseases  in  man.  The  Entamoeba  histo¬ 
lytica  Schaud.  is  a  minute  amoebalike  organism  which  has  been 
definitely  associated  with  dysentery. 

The  flagellates,  so  designated  because  of  the  long,  whiplike  loco¬ 
motor  organs,  produce  some  very  serious  infections.  They  are 
possibly  best  known  through  the  Trypanosomes,  mostly  African 
and  South  American,  and  are  the  recognized  causes  of  the  sleeping 
sickness  of  man  and  the  nagana  of  animals  in  Africa,  and  the  chagas 
fever  of  South  America.  These  parasites  occur  in  the  blood  of 
many  vertebrates  and  may  be  found  in  the  digestive  tract  of  insects. 
A  number  of  Trypanosomes  are  known.  The  related  Leishmanias 
are  intracellular  parasites  in  the  human  host  and  produce  such  dis¬ 
eases  as  kala-azar,  oriental  sore  and  in  South  America  the  hideous 
espundia.  It  is  believed  that  the  Leishmania  diseases  of  man  and 
other  animals  have  developed  from  organisms  which  normally  occur 
in  insects  and  have  now  become  adapted  to  existence  in  vertebrate 
hosts. 

The  Spirochaetes  represent  another  group  of  these  minute  flagel¬ 
late  animal  parasites.  They  are  long,  wavy,  threadlike  organisms 
which  establish  themselves  in  the  blood  and  produce  relapsing  fever, 
yaws,  infantile  jaundice,  yellow  fever  and  some  less  important 
affections. 

Another  important  group,  the  Sporozoa,  so  named  because  they 
are  spore-producing  animals,  are  of  importance  in  this  connection 
because  therewith  are  classed  malarial  organisms  known  as 
Plasmodium  malariae  Lav.,  P.  vivax  Grassi  and 
Fel.,  and  P.  falciparum  Welsh,  the  causes  respectively  of 
quartan,  benign  tertian,  and  malignant  tertian  malaria.  These 
forms  pass  through  a  definite  cycle  of  changes  within  the  mosquito 
as  well  as  in  the  vertebrate  host  and  in  the  latter  cause  periodic, 
systemic  disturbances. 
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The  round  worms  or  nematodes  are  represented  in  the  list  of 
insect-carried  disease  producing  animals  byFilaria  bancrofti 
Cobb.  These  are  very  long,  slender,  microscopic  worms,  the  females 
some  three  or  four  inches  in  length  and  hardly  larger  than  a  horse 
hair.  They  live  in  the  blood,  being  abundant  at  night  and  scarcely 
evident  during  the  daytime.  This  parasite  is  carried  by  the  bite  of 
one  or  more  mosquitoes,  the  most  serious  effect  being  the  abnormal 
development  of  portions  of  the  body  associated  with  elephantiasis 
and  due  to  obstruction  of  the  lymphatics  by  the  filaria.  The  loa 
worm,  Filaria  loa  Cobb.,  also  belongs  in  this  group.  There 
are  many  species  of  nematodes,  a  number  infesting  various  insects, 
a  very  minute  one  coming  to  notice  recently  as  the  cause  of  a 
creeping  eruption  in  Florida. 

Insect  Poison  and  Stings 

It  is  well  known  that  certain  insects  may  cause  considerable  pain 
and  even  endanger  life  by  poisonous  bites  or  stings,  and  on  this 
account  there  is  a  somewhat  general  fear  of  insects. 

Stinging  bees  and  wasps.  Honeybees,  bumblebees,  hornets  (see 
fig.  i)  and  wasps  are  among  the  better  known  of  the  stinging  insects. 
A  sting  is  usually  not  followed  by  serious  consequences  unless  a  par¬ 
ticularly  vulnerable  place  is  attacked.  Numerous  stings  are  usually 
accompanied  by  extensive  swelling  and  may  prove  serious.  The 
horse  is  expecially  susceptible  to  bee  stings.  Practically  all  the  pain 
in  these  cases  is  caused  by  a  secretion  from  poison  glands,  the  sharp 
sting  or  ovipositor  serving  simply  as  an  injecting  organ. 

A  report  has  recently  been  published  (Von  Geldern  1927,  p.  302) 
of  numbness  and  systemic  disturbances  following  the  supposed  sting 
of  a  small  parasitic  wasp,  Epyris  sp.,  in  some  cases,  the  sting 
being  followed  by  marked  prostration,  weakness  and  sweating  last¬ 
ing  for  about  half  an  hour.  There  is  some  question  as  to  the  facts 
of  the  case  and  it  is  mentioned  here  simply  as  a  possibility  which 
may  well  be  kept  in  mind. 

Poisonous  bugs.  There  is  a  somewhat  long  series  of  insects  with 
mouth  parts  modified  into  sucking  organs  which  are  capable  of  inflict¬ 
ing  a  poisonous  bite,  the  latter  caused  by  the  injection  of  a  poison 
when  the  mouth  parts  are  inserted.  These  insects  very  rarely  attack 
man  unless  molested,  a  notable  exception  possibly  being  certain 
assassin  bugs,  such  as  Reduvius  personatus  Linn.,  widely 
known  in  1899  as  the  “  Kissing-bug  ”  and  even  here  there  is  a 
possibility  that  in  many  cases  there  was  an  unconscious  holding  or 
confining  of  the  bug  at  the  time  of  attack.  This  insect  has  a  very 
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painful  bite  which  compares  well  with  the  sting  of  a  honeybee  or 
bumblebee.  The  giant  water  bugs  and  the  back-swimmers,  Noto- 
nectas,  are  also  capable  of  inflicting  a  very  painful  stinglike  bite. 

Nettling  caterpillars.  A  number  of  caterpillars  possess  nettling 
or  urticating  spines  capable  of  producing  severe  pain  and  even 
extensive  inflammation  under  certain  conditions.  Fortunately  most 
of  these  are  comparatively  rare,  a  marked  exception  being  the  cater¬ 
pillars  of  the  brown-tail  moth,  Euproctis  chrysorrhoea 
Linn.,  in  southeastern  New  England  during  the  periods  when  it  was 
so  extremely  abundant.  The  hairs  of  this  caterpillar  are  so  light 
that  they  drift  in  the  air,  and  brown-tail  rash,  as  it  is  locally  called, 
may  be  caused  by  the  hairs  drifting  from  caterpillars  or  even  cocoons 
on  a  badly  infested  tree.  If  one  of  these  caterpillars  drops  upon  the 
exposed  skin,  there  is  very  likely  to  be  serious  local  inflammation. 
Individuals  working  with  these  caterpillars  must  take  great  care  if 
they  would  avoid  painful  irritations  and  possibly  serious  results. 
Even  the  respiratory  tracts  may  be  affected  by  inhaling  the  smaller 
poisonous  hairs.  Fortunately  the  numbers  of  the  brown-tail  moth 
have  been  greatly  reduced  in  recent  years  and  we  hear  comparatively 
little  of  brown-tail  rash. 

There  are  a  number  of  native  stinging  caterpillars,  such  as  the 
hairy,  apparently  innocent  looking  caterpillar  of  the  flannel  moth, 
Lagoa  crispata  Pack.  The  larva  rests  upon  a  leaf  and 
appears  more  like  a  bunch  of  harmless  hairs  than  a  living  insect 
capable  of  inflicting  a  sting  comparable  to  that  of  the  bee.  The 
closely  related  saddle-back  caterpillar,  Sibine  stimulea 
Clem.,  easily  recognized  by  its  rich  browns,  greens  and  yellows  and 
the  conspicuous  spiny  tubercles,  has  similar  properties.  The  io 
caterpillar,  Automeris  io  Fabr.,  a  greenish,  spiny  creature 
some  two  inches  long  when  full  grown,  feeds  in  clusters  upon  a 
variety  of  trees,  cherry  being  a  favorite,  is  another  of  these  stinging 
forms.  Its  brilliant  colors  and  armature  generally  lead  to  its 
avoidance. 

Poisonous  spiders.  Most  spiders  native  to  the  northern  part  of 
the  United  States  are  harmless,  a  marked  exception  being  the  black 
widow,  Latrodectus  mactans,  a  moderate-sized  species, 
which  under  favorable  conditions  inflicts  a  very  severe  and  dangerous 
bite  quickly  followed  by  shooting  pains,  cold  sweat  and  great  agony. 
The  tarantula  of  the  Southwest,  a  large  spider,  is  capable  of  inflicting 
a  poisonous  bite  which  under  some  conditions  may  be  followed  by 
serious  consequences.  Crab  spiders,  often  found  on  bananas,  are 
reported  as  quite  harmless,  though  most  persons  have  a  marked 
aversion  to  handling  them. 
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Treatment  for  Stings 

The  best  treatment  for  insect  stings  and  nettling  is  the  application 
of  cooling  lotions,  such  as  weak  solutions  of  ammonia  or  even  a  paste 
of  baking  soda.  One  of  the  best  used  in  earlier  years  in  the  brown- 
tail  moth  section  consists  of  one-half  dram  of  carbolic  acid,  one-half 
ounce  of  zinc  oxide  and  eight  ounces  of  lime  water.  Shake  this 
thoroughly  and  rub  well  into  the  affected  parts. 

HOUSE  FLY,  Musca  domestica  Linn. 

The  house  fly  (see  fig.  2)  is  easily  recognized  as  being  the  most 
common  fly  in  dwellings,  at  least  in  temperate  North  America.  For 
example,  over  88,000  of  a  total  of  96,000  captured  in  a  western  city 
proved  to  be  this  species. 

Disease  Carriers 

House  flies  are  active  agents  in  the  dissemination  of  typhoid  fever, 
other  diseases  of  the  digestive  tract,  such  as  cholera,  summer  diarrhea 
of  children,  and  are  known  carriers  of  the  germs  of  tuberculosis, 
anthrax,  plague,  trachoma,  septicemia,  erysipelas  and  yaws.  There 
is  evidence  implicating  the  house  fly  as  a  carrier  of  trypanosomyiasis 
and  probably  of  ophthalmia  in  Egypt.  It  has  also  been  definitely 
associated  in  recent  years  with  a  number  of  cases  of  intestinal  myiasis. 

The  feeding  habits  of  flies  are  admirably  adapted  to  the  spread  of 
disease.  It  is  well  known  that  moist  materials,  such  as  various 
foods  or  pathogenic  discharges  from  the  human  system,  are  attrac¬ 
tive  to  these  insects  and  there  is  abundant  evidence  to  show  that 
flies  quickly  pass  from  one  to  the  other.  The  fluids  are  sucked  up 
into  the  crop  and  at  times  may  be  regurgitated.  The  crop  contents 
of  a  fly  may  thus  literally  swarm  with  disease  germs,  especially  in 
insanitary  areas,  and  investigators  have  demonstrated  that  certain 
disease  germs  may  pass  through  the  digestive  tract  of  the  fly  in  a 
viable  condition.  This  means  that  disgorged  material  from  the 
crop,  the  normal  dejecta  of  the  fly,  and  any  particles  from  the  hairy 
legs  or  bodies,  may  convey  serious  if  not  deadly  infections. 

For  example,  the  typhoid  outbreaks  in  army  camps  during  the 
Spanish  War  were  due  in  very  large  measure  to  flies  carrying  disease 
from  latrines  to  mess  tables.  It  is  particularly  dangerous  under 
such  conditions  to  eat  cold  food  of  any  kind.  This  was  shown  in 
a  typhoid  outbreak  occurring  in  the  Minnesota  iron  range  where 
there  were  abundant  opportunities  for  fly  infection.  The  Finns 
and  Swedes,  though  far  more  cleanly  in  habits  and  environments 
than  the  Austrians  and  Italians,  were  chief  sufferers,  due  to  the 
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fact,  it  is  believed,  that  the  former  lunched  frequently  during  the 
day  upon  cold  food  which  was  freely  accessible  to  insects,  while  the 
Italians  and  Austrians  had  hot  meals  and  used  but  little  milk. 


Figure  2  Common  house  fly,  Musca  domestica,  the  maggot  at  the  right,  the 
puparium  at  the  extreme  left,  the  lower  figure  to  the  left  of  the  maggot  is  the 
posterior  extremity,  much  enlarged.  (After  Howard) 


Figure  3  Conical  hoop  fly  trap,  side  view.  A ,  Hoops 
forming  frame  at  bottom.  B,  Hoops  forming  frame  at  top. 
C ,  Top  of  trap  made  of  barrel  head.  D,  Strips  around  door. 
E,  Door  frame.  F,  Screen  on  door.  G ,  Buttons  holding 
door.  H,  Screen  on  outside  of  trap.  I,  Strips  on  side  of 
trap  between  hoops.  /,  Tips  of  these  strips  projecting  to 
form  legs.  K,  Cone.  L,  United  edges  of  screen  forming 
cone.  M,  Aperture  at  apex  of  cone.  (After  Bishopp) 
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The  possibilities  of  infection  can  hardly  be  overestimated  when 
it  is  recalled  that  typhoid  germs  may  be  discharged  from  the  human 
system  several  weeks  before  diagnosis  is  possible,  continue  in  numbers 
six  to  eight  weeks  after  apparent  recovery,  and  in  special  cases  may 
persist  through  a  period  of  years,  although  the  individual  is  appar¬ 
ently  in  excellent  health.  Even  the  urine  from  such  persons  may 
contain  living  typhoid  bacilli. 

It  should  be  noted  that  the  house  fly  is  a  mechanical  carrier  and 
the  statements  in  respect  to  typhoid  fever  apply  with  equal,  if  not 
greater  force  to  cholera  and  to  a  more  limited  extent  to  the  other 
infections  named,  especially  tuberculosis. 

Prevention  of  Disease 

The  first  essential,  in  view  of  the  above,  is  to  prevent  the  spread 
of  disease  by  the  prompt  disinfection  of  all  discharges,  both  fluid  and 
solid,  from  typhoid  fever  and  other  patients,  thus  making  fly  infec¬ 
tion  impossible  so  far  as  individual  cases  are  concerned. 

The  greatest  care  should  be  taken  to  exclude  flies  from  the  sick 
room  or  hospital,  especially  where  there  are  contagious  diseases. 
The  pests  not  only  annoy  the  patients  but  may  carry  the  disease 
to  others.  Accumulations  of  exposed  fecal  matter  in  the  vicinity 
of  human  dwellings  or  camps  should  not  be  tolerated,  since  disease 
can  be  easily  contracted  from  such  sources.  Deposits  of  human 
excreta  in  the  open  are  equally  dangerous  and  there  is  a  similar 
menace  along  the  shores  and  about  wharves  with  inadequate  sanitary 
provisions.  This  is  also  true  of  the  frequently  exposed  sewer  mouths. 

There  is  no  greater  menace  to  health  in  the  country  districts  and 
many  villages  than  the  privies  as  they  exist  at  present.  A  satis¬ 
factory  structure  should  be  water  tight,  so  as  to  prevent  possible 
contamination  of  water  supplies,  vertebrate  proof  in  order  to  exclude 
all  small  animals  especially  rats,  and  fly  proof  since  these  materials 
not  only  infect  flies  but  frequently  provide  suitable  breeding  places. 
The  great  probability  of  privy  contents  being  pathogenic  makes  it 
very  desirable  that  the  accumulations  should  not  be  exposed  when 
they  are  cleaned  out  or  removed.  It  is  entirely  possible  to  meet  all 
of  these  requirements  at  a  reasonable  expense,  although  not  without 
the  expenditure  of  some  time  and  the  constant  exercise  of  care  in 
respect  to  details.  The  dangers  attending  the  ordinary  privy  are 
shown  by  a  survey  of  201  in  the  South,  which  demonstrates  practi¬ 
cally  a  5  per  cent  infection  with  germs  of  amoebic  dysentery,  the 
cysts  of  which  apparently  remain  viable  in  the  flies’  intestines  for 
49  hours  and  are  therefore  easily  carried  from  such  places  to  foods 
in  nearby  kitchens,  dining  rooms  or  restaurants. 
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Habits  and  Life  History 

The  house  fly  breeds  by  preference  in  horse  manure,  though  it 
occurs  to  a  limited  extent  in  cow  manure,  human  excrement  and 
miscellaneous  collections  of  organic  matter.  It  winters  in  the 
latitude  of  New  York  probably  mostly  as  a  larva,  possibly  some¬ 
times  in  the  puparium.  The  fly,  rather  frequently  found  in  houses 
during  cold  weather  and  commonly  supposed  to  be  the  house  fly, 
is  in  most  cases  the  cluster  fly,  an  entirely  different  species. 

The  maggots  of  the  house  fly  hatch  from  eggs  in  less  than  24  hours 
after  deposition,  complete  their  growth  under  favorable  conditions 
in  from  five  to  seven  days,  transform  to  oval  brown  puparia  and 
remain  in  this  condition  from  five  to  seven  days.  The  life  cycle  is 
therefore  completed  in  from  10  to  14  days,  the  shorter  period  being 
true  of  the  warmer  part  of  the  year.  One  fly  may  deposit  120  eggs 
and  under  favorable  conditions  there  may  be  10  or  12  generations. 

Recent  observations  show  that  the  maggots  or  larvae  thrive  only 
in  substances  which  are  more  or  less  alkaline  and  that  they  are 
unable  to  develop  to  maturity  in  the  presence  of  comparatively 
small  amounts  of  organic  or  other  acids.  They  are  also  sensitive 
to  excessive  moisture  and  are  found  only  in  the  drier  portions  of 
manure  heaps.  It  is  stated  that  this  insect  breeds  in  large  numbers 
in  stables  and  refuse  stored  close  to  buildings,  the  open  pile  located 
far  from  houses  being  but  little  frequented.  It  is  possible  that  the 
state  of  fermentation  is  more  important  than  proximity  to  dwellings 
or  other  shelters.  The  maggots  thrive  only  in  certain  portions  of 
the  manure  pile,  namely,  in  a  layer  some  inches  deep  and  lying  a 
few  inches  below  the  surface  where  there  is  a  moderate  amount  of 
heat  and  moisture,  an  excess  of  either  being  fatal  or  compelling 
migration.  They  can  exist  to  only  a  relatively  slight  depth  in  well 
packed  manure. 

Control  Measures 

Generally  speaking,  fly  production  is  local  and  the  keeping  of 
manure  and  other  fly  breeding  materials  in  fly-proof  pits  or  the 
removal  of  all  such  matter  at  frequent  intervals  is  a  most  logical 
way  of  handling  the  problem.  This  appears  easy,  although  under 
practical  conditions  it  is  difficult. 

The  essential  in  a  manure  pit  is  that  it  should  be  fly-proof.  It 
may  be  under  or  beside  a  stable  and  the  trap  or  door  through  which 
the  manure  is  thrown  should,  if  possible,  be  moderately  dark  and  at 
the  other  end  or  above  there  should  be  a  fairly  light  window  or  fly 
trap  in  order  to  attract  insects  away  from  the  entrance.  This 
arrangement  largely  prevents  the  escape  of  flies  whenever  manure 
is  thrown  in  or  carried  away. 
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The  removal  of  manure,  preferably  at  daily  intervals  in  cases 
where  there  is  a  pit  or  cellar,  if  thoroughly  done,  makes  local  breeding 
impossible,  if  it  be  properly  spread,  and  insures  that  the  contained 
eggs  and  young  maggots  quickly  perish  from  exposure. 

Hellebore,  one-half  pound  to  ten  gallons  of  water,  applied  to 
eight  bushels  of  manure  is  an  effective  larvicide  and  not  injurious 
to  plants.  Borax  used  at  the  rate  of  two-thirds  of  a  pound  to  ten 
gallons  of  water  for  the  same  amount  of  manure  is  less  expensive  and 
less  efficient.  It  has  an  injurious  effect  on  plant  growth  and  not 
more  than  15  tons  of  manure  treated  in  this  way  should  be  used  to 
an  acre  in  order  to  avoid  the  possibility  of  injuring  crops. 

Formaldehyde,  a  40  per  cent  solution  diluted  with  five  or  six 
volumes  of  water  or  milk,  is  one  of  the  safest  and  most  effective  fly 
poisons.  A  little  sugar  or  other  sweet  may  be  added  to  the  solution. 
Put  the  mixture  in  shallow  dishes  in  places  where  flies  are  numerous. 
This  will  be  more  effective  if  a  little  bread  is  added  to  serve  as 
an  alighting  place  and  water  or  other  fluids  attractive  to  insects 
are  not  near  at  hand. 

Fly  traps  (see  fig.  3)  of  various  designs  and  sticky  fly  paper  are 
also  effective  in  capturing  flies  in  dwellings.  It  is  much  more  satis¬ 
factory,  however,  to  prevent  their  entrance  by  eliminating  nearby 
breeding  places  or  by  the  judicious  use  of  screens  for  doors  and 
windows. 

OTHER  FLIES 

There  are  a  number  of  other  flies  which  occur  in  small  numbers 
in  houses  or  are  found  about  dwellings  and  are  therefore  of  interest, 
even  though  in  some  cases  disease  carrying  has  not  been  proved. 

The  little  house  fly,  Homalomyia  canicularis  Linn. , 
(see  fig.  4)  appearing  as  an  undersized  or  }T)ung  house  fly,  occurs 
rather  commonly  upon  windows  in  houses.  The  maggots,  easily 
recognized  by  the  series  of  somewhat  spiny  processes,  are  found  in 
decaying  and  fermenting  organic  matter,  including  excrement.  A 
closely  related  species,  F.  sc  alar  is  Fab.,  is  called  the  latrine 
fly  on  account  of  its  commonly  breeding  in  human  excrement. 
Both  are  undesirable  if  not  dangerous  inhabitants  of  dwellings,  and 
are  rather  common  causes  of  intestinal  myiasis. 

The  cluster  fly,  Pollenia  rudis  Fab. ,  is  the  one  rather 
commonly  found  in  dwellings  during  the  winter  and  early  spring 
and  frequently  mistaken  for  the  house  fly.  It  is  somewhat  larger, 
darker  and  with  the  thorax  usually  covered  rather  thickly  with 
tawny  hairs  which  incline  to  a  grayish  shade.  The  maggot  is  para- 
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sitic  in  certain  earth  worms  and  the  adults  are  notorious  because 
they  invade  houses  in  large  numbers  in  early  fall.  This  insect 
is  also  known  as  the  buckwheat  fly. 


Figure  4  A  little  house  fly,  Homalomyia  brevis;  female  at  the  left,  male  in  the 
center  and  larva  at  the  extreme  right.  (After  Howard) 


The  biting  house  fly,  Stomoxys  calcitrans  Linn, 
(see  fig.  5),  resembles  the  house  fly  very  closely  indeed  and  is  most 
easily  distinguished  by  the  moderately  sharp,  pointed  mouth  parts, 
markedly  different  from  the  stout,  lobed  proboscis  of  the  house  fly. 
It  is  more  an  outdoor  stable  fly  than  a  house  fly.  The  maggots  are 
found  in  decaying  wheat,  straw  or  straw  and  manure.  The  life  cycle 
is  completed  in  about  five  to  six  weeks.  This  insect  is  a  potential 
carrier  of  anthrax,  it  has  been  under  suspicion  as  a  carrier  of  infantile 
paralysis  and  it  or  a  closely  allied  insect  is  credited  with  disseminat¬ 
ing  surra. 


Figure  5  The  stable  fly  or  biting  house  fly,  Stomoxys  calcitrans ,  to  the 
right  the  puparium,  the  larva  and  its  posterior  extremity  greatly  enlarged, 
to  the  left  a  side  view  of  the  head  and  one  spiracle  much  more  enlarged. 
(After  Howard) 
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The  stable  fly,  Muscina  stabulans  Fall,  (see  fig.  6),  is 
very  similar  to  the  house  fly,  somewhat  larger  and  is  usually  found 
in  houses  in  early  summer  about  the  same  time  as  the  small  house 
fly.  The  eggs  are  laid  and  the  larvae  occur  in  various  kinds  of 
decaying  or  decomposing  organic  matter  and  have  been  recorded  as 
predacious  upon  house  fly  maggots.  There  are  several  records  of 
this  species  causing  intestinal  myiasis. 


Figure  6  A  stable  fly,  Muscina  stabulans,  adult  and  details  of  structure 
to  the  left,  larva  and  structural  details  to  the  right.  (After  Howard) 


Blowflies  and  bottle  flies  are  the  larger  buzzing  flies  sometimes 
invading  houses  and  more  commonly  abundant  about  carrion, 
slaughter  houses,  rendering  plants,  and  the  like  (see  fig.  7). 


Figure  7  A  bluebottle  fly,  Phormia  Figure  8  A  green-bottle  fly, Lucilia  caesar, 

terraenova.  (After  Howard)  much  enlarged.  (After  Howard) 
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The  queen  blowfly,  Phormia  regina  Meign.,  is  the  common 
black  fly,  markedly  larger  than  the  house  fly  and  so  frequently  seen 
in  early  spring  in  houses.  It  is  one  of  the  more  abundant  species 
about  slaughter  houses.  The  life  cycle  is  completed  in  from  10  to 
25  days.  This  fly  is  responsible  for  most  of  the  “  wool  maggots  ” 
of  the  Southwest  and  its  larvae  are  also  found  in  old  festering  sores 
on  cattle. 

The  large  bluebottle  fly,  Cynomyia  cadaverina  Desv. , 
an  associate  of  Phormia,  frequents  pantries  and  cellars  and  ovi¬ 
posits  on  food  products  of  animal  origin,  such  as  smoked,  uncured 
and  cooked  meat.  The  life  cycle  may  vary  from  13  to  99  days. 

The  blowfly,  Calliphora  erythrocephala  Meign., 
has  a  marked  preference  for  carrion  and  may  complete  its  life  cycle 
in  from  15  to  20  days.  Parker  (1922,  p.  127)  describes  a  series  of 
experiments  which  are  suggestive  of  pedogenetic  reproduction  in  the 
autumn  by  this  species. 

The  green-bottle  fly,  Lucilia  caesar  Linn,  (see  fig.  8) ,  is 
another  of  these  flies  developing  from  puparia  on  the  first  warm  days 
of  spring.  The  life  cycle  may  be  completed  in  from  11  to  24  days. 
There  is  a  closely  allied  species,  Lucilia  sericata  Meign., 
with  very  similar  habits. 

The  “screw  worm”  fly,  Cochliomyia  mac  ellaria 
Fab.,  a  southern  insect,  winters  as  larvae,  the  flies  appearing  shortly 
after  warm  weather.  This  species  breeds  in  animals  which  have 
recently  died,  and  has  caused  numerous  losses  among  cattle  and 
other  domestic  animals  owing  to  its  habit  of  depositing  eggs  in  recent 
flesh  wounds.  The  maggots  aggravate  the  injury,  and  unless  quickly 
discovered,  may  produce  serious  results.  This  fly  also  attacks  man, 
depositing  eggs  in  the  nostrils  or  mouth  while  the  victim  is  asleep. 
Such  attacks  are  usually  limited  to  sufferers  from  catarrh.  The 
maggots  work  rapidly,  and  unless  speedily  discovered  and  destroyed, 
the  tissues  of  the  nose,  mouth  and  soft  palate  may  be  honeycombed 
and  the  victim  lose  his  life.  From  40  to  248  eggs  may  be  deposited 
in  one  batch  and  a  female  may  lay  1228.  The  life  cycle  may  be 
completed  within  about  2  to  7  weeks. 

Another  flesh  fly,  Wohlfartia  vigil  Walk.,  fortunately 
not  common,  has  been  recorded  as  attacking  man,  mostly  infants, 
and  producing  on  the  arms,  neck  and  chest,  exposed  portions  of  the 
body,  boil-like,  red,  pustular  sores  half  an  inch  or  so  in  diameter. 
Each  sore  has  a  minute  and  very  inconspicuous  opening  and  contains 
one  or  more  maggots.  Recently  one  of  these  flies  deposited  several 
eggs  in  the  eye  of  a  stone-cutter  in  this  State,  the  sensation  being 
much  as  though  a  piece  of  marble  had  flown  into  the  eye,  and  on 
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examination  the  next  day  a  small  cyst  was  observed  and  from  it 
several  maggots  of  this  species  were  removed.  The  related  Euro¬ 
pean  W.  magnifica  Shiner  has  been  rather  commonly  asso¬ 
ciated  with  maggot  infestation  of  the  eye,  nose  and  ear,  the  loss  of 
sight,  hearing,  and  in  very  extreme  cases,  death  has  resulted. 

These  blowflies,  bottle  flies  or  flesh  flies  as  they  are  variously 
called  breed  in  a  considerable  variety  of  animal  matter  and  their 
presence  in  any  numbers  is  presumptive  evidence  of  a  moderately 
near  breeding  place.  Burying  carcasses  to  a  depth  of  at  least  two 
feet  is  advised.  A  few  inches  of  soil  packed  well  over  a  carcass  will 
prevent  infestation,  although  not  the  emergence  of  flies.  A  number 
of  blowflies  produce  myiasis.  See  the  following  account  of  myiasis 
and  fly  maggots. 

Dried  egg  (whole  or  egg  yolk)  when  moistened  and  kept  alkaline 
makes  a  very  attractive  bait  for  flies  (Bishopp  etal  1923,  p.  224). 

Other  flesh  flies  belonging  to  the  genus  Sarcophaga  have  been 
definitely  associated  with  intestinal  myiasis.  The  European  S  . 
haemorrhoidalis  Fall.,  appears  to  be  able  to  develop  to 
full  size  within  the  intestines,  although  such  is  not  the  case  with  the 
maggots  of  S.  carnaria  Linn. ,  the  former  widely  distributed 
in  America.  Symptoms  associated  with  such  an  infestation  are 
recorded  as  follows  in  the  case  of  a  child  some  20  months  old:  The 
patient  had  been  sick  for  45  days  and  for  the  first  three  weeks  the 
temperature  had  run  from  103  to  106°,  though  there  was  a  con¬ 
tinued  application  of  an  ice  pack  to  the  head.  During  the  second 
week  the  child  developed  true  meningeal  symptoms,  these  con¬ 
tinuing  for  about  five  days.  There  was  no  pain,  although  there  was 
some  abdominal  distension  which  was  easily  relieved  by  enema  or 
tube.  At  no  time  was  there  any  definite  train  of  symptoms  per¬ 
mitting  a  diagnosis.  In  November  it  was  stated  that  the  child  had 
a  temperature  of  102°  F.  and  was  taking  a  normal  amount  of  nour¬ 
ishment,  but  was  very  sick.  After  the  use  of  calomel  one  dipterous 
larva,  identified  as  that  of  the  bluebottle  fly,  was  passed  in  the 
feces.  Whether  there  was  more  than  one  maggot  in  the  intestines 
was  not  known.  It  is  possible  the  infestation  developed  through 
the  child  gaining  access  to  fly-blown  meat. 

The  rat-tailed  maggots  of  the  drone  fly,  Eristalis,  have  been 
recovered  from  the  human  alimentary  canal,  in  one  case  producing 
an  illness  of  10  weeks’  duration.  The  consumption  of  cheese  infested 
by  maggots  of  the  cheese  fly,  Piophila  casei  Linn.,  has  been 
followed  by  severe  indisposition,  extending  over  several  days  and 
accompanied  by  vertigo,  severe  headaches  and  eventually  pain 
through  the  entire  alimentary  canal. 
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Fruit  flies,  Drosophila  melanogaster  Meign.  (see 
fig.  9),  and  D  .  a  m  o  e  n  a  Loew,  are  easily  recognized  as  the  light 
brown  pomace  flies,  only  about  one-eighth  of  an  inch  long,  so  com¬ 
monly  found  about  cider  mills  and  overripe  or  partly  decaying  fruit. 
They  are  attracted  by  such  materials  and  may  frequently  be  ob¬ 
served  upon  jars  containing  preserved  fruit.  Their  small  size  makes 
it  very  difficult  to  keep  them  out  of  houses.  They  are  possibly 
disease  carriers  in  a  very  limited  way. 


Figure 9  Fruit  fly ,  Drosophila  melanogaster:  A,  adult;  B,  antenna;  C,  base 
of  tibia  and  first  tarsal  joint;  D,  puparium,  side  view;  E,  same  dorsal  view; 
F,  larva;  G,  anal  segment  of  same;  A,  D,  E,  F,  much  enlarged;  B,  C,  G,  still 
more  enlarged.  (After  Howard) 


Figure  lo  Cheese  skipper,  Piophila  casei:  A,  maggot  or  larva;  B,  puparium;  C, 
pupa;  D,  male  fly;  E,  female;  all  enlarged.  (After  Howard) 
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The  small  black  flies  of  the  cheese  skipper,  Piophila  casei 
Linn,  (see  fig.  io),  occur  about  houses  in  association  with  cheese, 
ham,  etc.  It  is  hardly  a  dangerous  species. 

Horse  flies  or  deer  flies,  Tabanidae,  are  moderate  to  large-sized 
flies  and  are  represented  by  considerable  series  of  species,  f,..  They 
are  common  in  the  vicinity  of  wet  or  marshy  areas,  the  carnivorous 
maggots  developing  in  moist  organic  matter.  A  number  of  these 
flies  are  persistent  biters  and  certain  species  are  known  to  carry 
surra  from  diseased  to  healthy  animals.  There  is  also  evidence  of 
their  transferring  anthrax  and  even  a  species  of  filaria. 

The  extremely  minute  punkies  or  “  no-see-ums,”  most  easily  recog¬ 
nized  by  the  fiery,  stinging,  apparently  causeless  bite,  are  midges 
belonging  to  the  genus  Culicoides,  family  Ceratopogoninae,  and 
well  known  as  veritable  pests  in  the  Adirondacks.  The  slender 
maggots  are  found  in  ponds,  pools  and  similar  places.  These 
insects  have  not  been  associated  with  the  dissemination  of  any 
disease. 

The  small  moth  fly  or  Psychodid  belonging  to  the  genus  Phlebo- 
tomus  is  best  known  because  the  European  P.  papatasii  Scop., 
transmits  the  European  “  papataci  fever  ”  or  “  three-day  fever.” 
There  is  somewhat  conclusive  evidence  to  show  that  a  South  Amer¬ 
ican  species  carries  the  virus  of  the  Peruvian  “  verruga.”  There 
are  six  American  species  concerning  which  little  is  known. 

MYIASIS  AND  FLY  MAGGOTS 

Ordinarily  maggot  infestation  of  the  human  body  is  more  or  less 
casual,  though  there  are  some  marked  exceptions. 

Blood  Sucking  Maggots 

The  Congo  floor  maggot,  Aucheromyia  luteola  Fabr. , 
occurs  throughout  tropical  Africa,  the  dirty,  white  maggots  shelter¬ 
ing  in  crevices  in  the  floors  of  native  dwellings  and  issuing  at  night 
to  suck  the  blood  of  sleepers.  This  is  a  distinctly  unusual  type  of 
attack  so  far  as  man  is  concerned.  It  is  interesting  to  note  that  the 
larvae  of  the  Californian  Protocalliphora  azurea  Fall., 
is  nest-inhabiting  and  sucks  the  blood  of  young  swallows. 

Dermal  or  Skin  Maggots 

The  South  American  skin  maggot,  Dermatobia  hominis 
Gmel.,  occurs  throughout  tropical  America  and  its  larvae  develop 
not  only  in  man  but  also  in  animals,  such  as  dogs,  cattle,  mules, 
hogs.  In  certain  parts  of  South  America  the  hides  of  cattle  are 
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fairly  riddled  with  holes  and  worthless  on  account  of  infestation  by 
this  pest.  The  swellings  produced  by  this  maggot  in  man  are  very 
painful  at  intervals,  coincident  probably  with  times  of  maximum 
activity.  The  grubs  mature  in  boil-like  swellings  and  cause  exuda¬ 
tions  of  pus.  The  wounds  heal  quickly  after  the  larvae  are  ejected 
or  escape.  It  has  been  established  that  this  fly  captures  mosquitoes, 
house  and  other  flies,  deposits  a  number  of  eggs  upon  the  victims 
and  then  allows  them  to  escape.  The  larvae  do  not  emerge  until 
the  eggs  are  near  the  warm  skin  of  human  and  other  hosts.  This 
remarkable  habit  has  been  established  by  several  observations, 
although  it  may  not  be  the  only  manner  in  which  man  and  animals 
become  infested. 

The  larvae  of  the  African  tumbu  fly,  Cordylobia 
anthropophaga  Griinb.,  is  the  commonest  maggot  developing 
under  the  human  skin  in  Africa,  although  man  is  not  the  main  host, 
a  number  of  wild  and  domestic  animals,  expecially  dogs,  being 
subject  to  infestation.  As  many  as  300  maggots  have  been  taken 
from  the  skin  of  a  puppy  and  it  is  not  unusual  for  20  or  more  to  be 
found  in  a  man.  They  produce  boil-like  sores  very  much  like  those 
described  above.  Puppies  and  infants  are  especially  liable  to  attack. 
The  wild  rat  is  considered  the  natural  host  by  Blacklock  and  Thomp¬ 
son. 

The  common  warble  flies  of  cattle  in  the  United  States, 
Hypoderma  lineata  DeVil.  and  H.  b o v i s  DeG.,  occasion¬ 
ally  attack  human  beings  in  this  country,  though  this  is  far  from 
common.  Cutaneous  myiasis  is  also  recorded  for  the  house  fly 
(Patton  and  Cookson  1925,  p.  1291). 

Hypodermal  myiasis,  using  the  term  in  a  broad  sense,  is  not 
limited  to  insects.  Recent  investigations  (Kirby-Smith,  Dove 
and  White,  1926,  p.  137)  of  the  somewhat  prevalent  creeping 
eruption  of  the  Southeastern  States  in  particular  have  shown  that 
the  damp  sand  type  is  due  to  infestation  by  the  microscopic  third 
instar  of  a  small  roundworm  or  nematode,  described  as  A  g  a  - 
monematodum  migrans  Kirby-Smith,  Dove  and  White. 
Infestation  is  characterized  by  linear,  tortuous  and  serpiginous 
eruptions  caused  by  the  movement  of  this  parasite  within  the  skin 
and  accompanied  by  intense  itching.  The  most  recent  visible 
lesion  is  a  very  narrow  erythematous  formation  soon  followed  by  a 
slightly  raised  line  indicating  the  location  of  the  burrow.  The 
parasite  apparently  remains  for  a  time  at  the  point  of  entry  and 
produces  a  reddish  sensitive  papule  not  unlike  that  of  the  bites  of 
“  chiggers,”  “  red  bugs  ”  or  “  harvest  mites  ”  and  from  these  points 
various  threadlike  burrows  may  be  observed  within  from  two 
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to  four  days.  The  raised  portion  of  the  skin  over  the  burrow  has 
the  appearance  of  that  made  by  a  mole  in  meadows.  The  migration 
may  continue  for  several  weeks  and  possibly  months.  Penetration 
by  the  parasite  is  comparable  to  the  bite  of  mosquitoes  or  ants  or 
contact  with  needles,  followed  by  itching  which  sometimes  becomes 
so  intense  as  to  be  almost  unbearable.  Loss  of  sleep  and  appetite 
occur  and  in  extreme  cases  loss  of  weight  and  vitality.  This  occurs 
chiefly  in  the  South  Atlantic  and  Gulf  States  and  has  been  associated 
with  dogs  and  cats  (White  and  Dove,  1926  p.  6). 

Maggots  in  Wounds  and  Body  Cavities 

Infestation  of  wounds  and  of  natural  cavities  of  the  body  is  rather 
common  in  the  South  by  larvae  of  the  screw  worm  fly,  C  o  c  h  1  i  o  - 
myia  macellaria  Fabr. ,  the  flies  being  attracted  particularly 
to  wounds  and  to  individuals  suffering  from  foul-smelling  catarrh. 
The  maggots  develop  very  rapidly  and  there  are  records  of  the  pene¬ 
tration  by  this  species  of  the  pharynx,  frontal  sinus,  the  eyeball  and 
even  the  brain,  the  more  severe  cases  resulting  in  death.  An  abun¬ 
dant  discharge  of  pus  and  scraps  of  tissue,  intense  pain  and  even 
delirium  may  accompany  the  infestation. 

The  related  green- bottle  fly,  Lucilia  caesar  Linn,  and 
the  common  blowflies,  Calliphora  vomitoria  Linn,  and 
C.  erythrocephala  Meign.,  also  breed  in  wounds,  although 
they  are  much  less  dangerous  than  the  screw  worm.  Maggots  of 
the  sheep  bot-fly,  Oestrus  ovis  Linn.,  have  also  been  associated 
with  attacks  on  man. 

Flesh  flies  occasionally  attack  man.  There  have  been  several 
cases  in  this  county  (see  the  account  of  Wohlfartia  vigil 
Walk.,  p.  19). 

Ticho  observed  in  Britain  six  cases  of  external  ophthalmomyiasis 
during  a  period  of  ten  years  by  Oestrus-like  larvae,  Oestrus 
ovis  Linn.,  the  common  sheep  bot  and  Rhinoestrus  pupu- 
r  e  u  s  Brauer  respectively.  There  was  a  similar  antecedent  history 
(Ticho,  1923,  p.  177).  See  also  Herms,  (1925,  p.  54). 

Another  flesh  fly,  Sarcophaga  carnaria  Linn. ,  occasion¬ 
ally  deposits  its  eggs  on  living  animals  and  is  especially  attracted 
to  discharges  from  the  nose,  ears  and  other  body  cavities. 

Maggots  in  the  Digestive  Tract 

Intestinal  myiasis  is  largely  casual  and  usually  results  from  the 
ingestion  of  decayed  fruits  and  vegetables,  fresh  or  cooked  meats 
or  even  cold  foods  to  which  flies  have  access.  The  maggots  of  a 
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number  of  these  species,  namely  those  of  the  house  fly,  Musca 
domestica  Linn.,  the  lesser  house  fly,  Fannia  Canicu¬ 
la  r  i  s  Linn.,  the  latrine  fly,  F  .  s  c  a  1  a  r  i  s  Fabr.,  rat- tailed 
maggots,  (Hall,  1920,  p.  65)  Eristalis  and  Helophilus,  the  cheese 
skippers,  Piophila  casei  Linn.,  and  several  species  of  flesh 
flies,  Sarcophaga,  have  been  associated  with  this  condition.  Larvae 
of  the  stable  fly,  Muscina  stabulans  Fall.,  have  this  habit 
in  Korea.  Even  millipeds,  Julus  sp.,  have  been  recovered  from 
the  alimentary  tract. 

The  effects  are  quite  variable  and  in  some  cases  the  maggots  may 
be  passed  without  marked  inconvenience.  In  others  there  may  be 
rather  serious  temporary  intestinal  disturbances,  such  as  loss  of 
appetite,  vomiting,  abdominal  pains,  diarrhea,  constipation,  intestinal 
bleeding  and  sometimes  headache  and  vertigo,  the  last  two  indicating 
the  absorption  of  toxic  substances  secreted  by  the  maggots.  Cases 
of  death  from  such  infestations  have  been  recorded.  The  more 
serious  symptoms  usually  result  from  the  maggots  attacking  the 
linings  of  the  stomach  and  intestines.  Even  those  of  the  house  fly 
have  been  associated  with  such  injury.  There  is  a  record  of  a  case 
in  the  Philippines,  where  the  walls  of  the  stomach  were  extensively 
eaten  away,  some  20  or  30  house  fly  maggots  being  obtained. 

Human  myiasis,  as  might  be  expected,  appears  to  be  much  more 
common  in  tropical  and  subtropical  regions. 

It  is  evident  from  the  above  that  intestinal  myiasis  can  be  prevented 
almost  entirely  by  exercising  reasonable  care  in  the  selection  of  foods 
and  avoiding  those  likely  to  contain  either  eggs  or  larvae.  Usually 
fly  maggots  can  be  expelled  readily  by  purging  with  drugs  used  for 
intestinal  worms. 

A  somewhat  exhaustive  account  of  myiasis  producing  Diptera  is 
given  by  Major  Patten  (1921,  p.  239.) 

BLACK  FLIES 

Black  flies  or  buffalo  gnats,  Simulium  spp.,  are  small,  stout, 
black  insects  about  one-tenth  of  an  inch  long,  some  with  white 
banded  legs,  which  are  most  easily  recognized,  in  the  case  of  certain 
bloodthirsty  species,  such  as  the  buffalo  gnat,  by  their  settling  upon 
man  and  animals  in  large  numbers  and  drawing  blood.  These  insects 
are  especially  likely  to  establish  themselves  in  rows  behind  the  ears 
or  along  the  hatband,  if  a  hat  is  worn.  They  are  particularly 
abundant  in  the  wooded  areas  of  the  Adirondacks,  in  portions  of 
Minnesota,  and  in  some  of  the  Southern  States,  especially  from 
Tennessee  south.  They  are  very  likely  to  be  injurious  after  floods 
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and  in  Mississippi  and  other  southern  states  have  caused  the  death 
of  cattle,  horses  and  mules,  and  in  more  than  one  instance  have 
actually  imperiled  human  life.  There  seems  to  be  a  definite  toxic 
action.  In  severe  attacks,  animals  at  first  behave  as  though  suffering 
from  colic  and  in  two  or  three  hours  the  heart  is  affected.  They  pass 
into  a  stupor  and  soon  fall  dead.  (Barnett,  1927,  p.  50) 

The  investigations  of  Doctor  Stokes  (1914,  p.  751)  have  shown  that 
in  spite  of  the  painless  bites  of  these  insects,  there  is  a  somewhat 
definite  development  which  may  extend  over  a  period  as  long  as 
three  weeks.  There  is  first  the  papular  stage,  which  appears  in 
3  to  24  hours,  next  an  early  vesicular  or  pseudo  vesicular  stage  requir¬ 
ing  24  to  48  hours  for  development,  and  then  a  mature  vesico- 
papular  or  weeping-papular  state  follows  by  the  third  day  and  may 
last  from  a  few  days  to  three  weeks.  Pruritis  develops  with  the 
pseudovesicular  stage,  and  owing  to  the  usual  grouping  of  the  fly 
bites  and  the  confluence  of  the  lesions,  there  may  be  an  extensive 
oedema  with  a  formation  of  oozing  and  crusting  plaques.  The 
final  state  of  involution  is  marked  cessation  of  oozing,  subsidence 
of  the  papule  and  scarlike  changes  on  the  site  of  the  lesion.  There 
is  a  distinctive  satellite  adenopathy  of  the  cervical  glands  in  most 
susceptible  persons. 

There  have  been  unsuccessful  attempts  to  prove  a  connection 
between  these  insects  and  the  occurrence  of  pellagra.  Simulium  is 
suspected  of  being  a  disease  carrier  in  Africa  (Dry  1921,  p.  233). 

The  greenish  or  dark  colored  gelatinous  larvae  occur  mostly  on 
rocks  in  comparatively  shallow  water,  frequently  forming  almost 
continuous  patches  over  areas  of  several  square  feet.  Experiments 
in  recent  years  have  demonstrated  the  practicability  of  destroying 
these  larvae  in  streams  by  applying  an  oil  preparation,  such  as 
phinotas.  This  is  heavier  than  water,  settles  to  the  bottom,  and  a 
film  of  oil  may  be  found  upon  stones  48  hours  after  application. 
Black  fly  larvae  may  be  killed  an  eighth  of  a  mile  below  the  point 
of  application.  Unfortunately  fish  may  also  be  destroyed  unless 
this  compound  is  used  in  small  quantities.  Floods  are  favorable 
to  black  fly  development.  Consequently  judicious  stream  regula¬ 
tion  has  an  important  effect  in  reducing  the  numbers  of  these  pests. 

MOSQUITOES 

Mosquitoes  are  of  primary  interest  in  New  York  State  because 
certain  species  are  active  carriers  of  malaria,  while  in  warmer  climates 
one  has  been  definitely  associated  with  the  dissemination  of  the 
greatly  dreaded  yellow  fever,  and  others  carry  the  organism 
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responsible  for  filariasis.  In  passing,  there  are  some  60  different 
species  of  mosquitoes  in  the  State,  mostly  with  well-defined  habits 
and  breeding  places,  and  in  a  few  cases  with  a  very  remarkable 
limitation,  as  for  example  in  the  small,  innocuous  form  which  lives 
only  in  the  water  found  in  pitcher  plants. 

The  malarial  mosquitoes,  Anopheles,  the  carriers  of  malaria, 
are  easily  recognized  by  the  spotted  wings  (see  fig.  11)  and  especially 
by  the  characteristic  resting  position 
(see  fig.  12),  the  beak  and  body  be¬ 
ing  in  almost  a  straight  line  and  at 
a  considerable  angle  to  the  support¬ 
ing  surface.  The  larvae  or  wrigglers 
have  no  conspicuous  air  tube  and 
remain  in  a  characteristic,  nearly 
horizontal  resting  position  just  be¬ 
neath  the  surface  film  (see  fig.  14). 

They  are  usually  rather  strongly 
marked  with  bright  or  dark  brown 
and  green  and  occur  commonly  in 
springs  or  water  holes,  in  stream 
beds,  occasionally  along  the  edges 

of  running  streams,  and  not  infre-  A/r  .  .  .  , 

.  .  Figure  n  Malarial  mosquito,  An- 

quently  m  grassy  pools.  The  adult  opheles  punctipennis,  female,  with  male 

mosquitoes  are  rarely  numerous,  fly  antenna  at  right  and  wing  tip  showing 
....  .  .  .  .  J.  venation  at  left.  (After  Howard) 

at  twilight  and  winter  m  dwellings 

and  other  shelters.  Occasionally  they  are  rather  abundant  in  houses. 
The  most  common  species  in  New  York  State  is  Anopheles 
punctipennis  Say,  a  strongly  marked  form,  while  A. 
maculipennis  Meign.  is  less  abundant  and  the  more  common 
malarial  carrier. 


Figure  12  Common  and  malarial  mosquitoes  at  rest,  the 
latter  to  the  right.  (After  Howard) 
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The  narrowly  oval,  blackish  eggs  of  Anopheles  are  laid  in  small 
numbers  upon  the  surface  of  the  water,  lie  upon  their  sides  and  float 
by  means  of  lateral  expansions.  They  hatch  in  from  two  to  four 
days,  much  presumably  depending  upon  prevailing  temperatures. 
The  larvae  establish  themselves 
just  under  the  surface  film  and 
feed  to  a  considerable  extent  at 
least  upon  green  algae  and  other 
small  particles  in  the  water. 

Full  growth  requires  some  two 
weeks;  the  pupal  stage  occupies 


Figure  13  House  mosquito,  Culex 
pipiens:  Egg  mass  with  enlarged  ^ 
eggs  above  and  at  the  left;  young'll 
wrigglers  below.  ^(AfterjH award)  § 


Figure  14  Characteristic  feeding  posi¬ 
tion  of  malarial  mosquito  wriggler  in 
upper  figure,  and  that  of  the  common 
rainbarrel  or  house,  mosquito  in  lower 
figure.  (After  Howard) 


about  five  days,  the  life  cycle  being  completed  in  about  24  days. 
Breeding  may  occur  through  most  of  the  season. 

The  malarial  mosquitoes,  unlike  the  house  fly,  are  alternate  hosts 
for  the  diseases  they  convey.  That  is,  the  malarial  mosquito,  before 
it  is  capable  of  conveying  an  infection,  must  first  bite  someone  already 
.suffering  from  malaria,  even  though  this  be  only  a  latent  type,  and 
then  after  a  period  of  10  to  12  days,  during  which  time  the  malarial 
parasite  undergoes  definite  changes  within  the  body  of  the  mosquito, 
the  insect  is  then  in  a  position  to  convey  the  infection,  since  at  that 
time  the  malarial  germs  are  present  in  the  saliva  and  are  injected 
into  the  blood  stream  as  the  mosquito  bites.  This  explains  how 
malarial  outbreaks  may  follow  the  appearance  of  Italians  or  others 
with  a  latent  infection  in  a  neighborhood  inhabited  by  non-im- 
munes.  The  Anopheles  simply  carry  it  from  one  to  the  other. 

The  control  of  malaria,  it  will  be  seen,  depends  either  upon  safe¬ 
guarding  against  infection  or  the  prevention  of  mosquito  breeding, 
and  in  most  cases  it  is  really  a  combination  of  the  two. 
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Before  discussing  control  measures  it  may  be  well  to  notice  briefly 
a  few  other  mosquitoes,  either  on  account  of  their  common  prevalence 
or  because  of  the  part  they  play  in  disseminating  disease. 

The  house  or  rain-barrel  mosquito,  Culex  pipiens  Linn., 
is  a  modestly  colored,  brown  mosquito  which  is  frequently  trouble¬ 
some  about  dwellings  and,  like  the  malarial  mosquito,  winters  in 
cellars  or  other  retreats,  although  it  is  much  more  rare  in  heated 
dwellings.  The  long-tubed  larvae  or  wrigglers  of  this  mosquito  are 
found  almost  exclusively  in  artificial  collections  of  water,  especially 
tubs,  rain-barrels,  eave  troughs,  etc.  The  moderately  stout  air  tube, 
with  a  length  about  5  times  its  diameter,  of  this  wriggler  supports 
the  larva  as  it  hangs  at  a  considerable  angle  from  the  surface  film. 
The  egg  clusters  of  this  species  are  black,  raftlike  objects,  which 
float  upon  the  water  and  have  a  major  diameter  of  less  than  one- 
fourth  of  an  inch  (see  fig.  13).  Breeding  commences  with  the 
approach  of  warm  weather  and  may  continue  under  favorable 
conditions  till  checked  by  frosts  in  the  fall.  The  life  cycle  may  be 
completed  in  ten  days. 

The  mosquito  very  closely  related  to  the  preceding  and  known  as 
Culex  fatigans  Wied.  has  been  definitely  associated  with 
dengue  or  “  breakbone  ”  fever  (in  Australia  the  carrier  is  A  e  d  e  s 
c  a  1  o  p  u  s  Meign.),  a  disease  probably  most  frequently  met  with 
in  the  West  Indies,  but  which  may  occur  in  any  tropical  country  or 
island,  often  as  a  wide  spread  epidemic.  Occasionally  it  is  found 
in  subtropical  or  even  temperate  regions,  and  once  introduced  spreads 
very  rapidly.  This  mosquito  and  several  others  are  hosts  of 
Filaria  nocturna,  the  cause  of  filariasis  or  elephantiasis. 

The  yellow  fever  mosquito,  Aedes  calopus  Meign.,  is 
a  medium-sized,  dark  brown  species  with  a  strongly  contrasting, 
silvery  white  lyre-shaped  mark  upon  the  thorax.  It  is  widely 
distributed  in  the  Southern  States  and  may  occasionally  establish 
itself  farther  north  during  the  summer.  It  is  frequently  known  as 
the  “  day  mosquito  ”  on  account  of  its  flying  freely  in  the  daytime. 
This  insect  has  in  the  South  much  the  same  habits  as  our  northern 
house  or  rain-barrel  mosquito.  It  breeds  by  preference  in  the 
water  of  cisterns,  tanks  and  other  places  and  appears  to  be  unable 
to  sustain  itself  in  the  open.  The  larvae  or  wrigglers  are  peculiar 
in  that  they  hang  nearly  perpendicularly  from  the  surface  film. 
Like  the  malarial  mosquito,  the  yellow  fever  mosquito  must  be 
infected  for  a  certain  period,  some  12  days,  before  it  is  capable 
of  transmitting  the  infection,  and  can  become  infected  only  during 
the  first  three  or  four  days  after  the  patient  comes  down  with  the 
disease. 
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The  salt  marsh  mosquito,  Aedes  sollicitans  Walk,  (see 
fig.  15),  is  typical  of  several  species  which  breed  by  preference  in 
brackish  water.  This  mosquito  is  easily  recognized  by  its  moderately 
large  size,  the  broadly  white-banded  legs,  beak  and  body,  the  last 
in  addition  bearing  a  conspicuous  longitudinal  white  stripe.  The  salt 
marsh  mosquito  and  its  allies,  unlike  the  malarial  and  house  mos¬ 
quitoes,  winter  as  eggs.  The  latter  are  deposited  upon  the  mud 
of  salt  marshes,  the  hatching  occurring  with  the  flooding  at  high 
tides,  only  a  portion  at  each  high  tide.  Consequently  there  is 
a  somewhat  irregular  series  of  approximately  monthly  broods  develop¬ 
ing  in  the  salt  marshes  and  frequently  drifting  with  favorable  winds 
to  considerable  distances,  even  so  far  as  40  miles.  The  salt  marsh 
mosquitoes  breed  in  such  numbers  and  are  so  voracious  that  during 
recent  years  there  has  been  very  general  drainage  of  marshes  in 
the  vicinity  of  the  larger  cities  and  a  great  reduction,  and  in  some 
cases  a  practical  elimination  of  the  pests. 

Other  native  mosquitoes  occasionally  become  troublesome, 
although  as  a  rule  they  do  not  travel  far  from  their  breeding  places. 
The  irritating  mosquito,  Mansonia  perturbans  Walk., 
deserves  special  mention,  since  it  is  one  of  the  fiercest  and  hardest 
biters  and  enters  houses  readily.  It  is  easily  recognized  by  its 
large  size  and  the  strongly  contrasting  colors,  especially  the  pearl- 
white  band  near  the  middle  of  the  beak  and  the  similar  bands 
on  the  legs,  the  broad  ones  upon  the  posterior  tibiae  being  char¬ 
acteristic.  The  segments  of  the  abdomen  are  white-banded  distally 
and  the  wings  with  their  large  white  and  dark  scales,  have  a  some¬ 
what  peculiar  mottled  appearance.  This  species  is  remarkable 
among  native  forms  in  that  the  wrigglers  or  larvae  attach  themselves 
by  the  strongly  tapered  and  pointed  air  tube  to  the  submerged  roots 
of  cat-tails,  water  loosestrife  and  possibly  other  plants.  This  peculiar 
habit  restricts  breeding  to  permanent  swamps,  particularly  cat-tail 
areas,  having  more  or  less  floating  or  semifloating  vegetation  and 
renders  oil  applications  of  little  value  as  a  method  of  control  for 
this  species. 

Mosquito  Control 

Mosquitoes  can  not  exist  without  water,  although  under  certain 
conditions  the  adults  may  drift  with  the  wind  for  considerable 
distances.  The  larvae  or  wrigglers  of  all  the  more  abundant  species, 
excepting  those  of  the  irritating  mosquito,  must  come  to  the  surface 
frequently  for  air. 

It  is  self-evident  that  the  disease  carriers,  the  malaria  mosquito 
and  the  yellow  fever  mosquito,  for  example,  are  of  primary  import- 
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ance  wherever  there  is  an  opportunity  for  these  insects  to  become 
infected  and  thus  in  turn  be  able  to  act  as  carriers  of  these  diseases. 
Keeping  such  mosquitoes  from  infection  renders  them  harmless  so 
far  as  spreading  disease  is  concerned  and  if  for  any  reason  this  is 
impracticable,  a  thorough  campaign  of  destruction  is  the  only  safe 
course  to  pursue.  This  is  especially  true  of  the  yellow  fever  mosquito. 

The  flight  of  insects  is  of  considerable  importance  in  control 
work  and  with  the  exception  of  the  salt  marsh  mosquito  and  some 
other  less  abundant  associates,  most  mosquitoes  breed  in  the  near 
vicinity  of  places  where  they  are  numerous,  although  this  is  by  no 
means  invariable  since  there  are  records  of  even  the  house  mosquito 
drifting  or  flying  well  toward  a  mile  from  a  particular  breeding 
place.  Furthermore,  some  mosquitoes  are  rather  long-lived  and  may 
persist  for  a  considerable  time  after  the  temporary  breeding  pools 
in  which  the  larvae  lived  have  disappeared.  It  is  possible  to  trace 
the  flight  or  drifting  of  mosquitoes,  and  under  certain  conditions 
this  is  important  because  of  its  bearing  upon  local  control  work. 
Staining  adults  by  spraying  them  with  a  solution  of  eosin,  fuschsin, 
gentian- violet,  bismark-brown,  methylene  blue  and  orange-G.,  using- 
one  gram  to  50  is  very  convenient.  Stain  in  the  evening  about  two 
hours  before  the  mosquitoes  are  released,  applying  just  enough 
so  that  it  will  quickly  dry  and  not  saturate  the  insects.  The  stained 
individuals  are  best  recovered  in  buildings  by  hand  and  trapped 
elsewhere.  The  weather,  direction  of  prevailing  winds,  topography 
etc.,  all  have  an  influence  on  the  movements  of  insects  and  should 
be  given  due  consideration. 

Mosquito  control,  broadly  speaking,  means  the  elimination  of 
breeding  places  and  in  this  undertaking  rigid  attention  to  details 
is  necessary.  The  apparently  unimportant  and  usually  overlooked 
breeding  places  are  those  most  likely  to  be  troublesome.  The 
small  pool  is  more  dangerous  than  the  pond  or  lake  and  the  isolated 
collection  of  water  beside  a  stream  is  fully  as  likely  to  produce 
troublesome  mosquitoes  as  the  permanent  pools  of  a  swamp.  The 
mud  holes  in  seldom-used  roads,  the  stagnant  water  of  roadside 
ditches  and  even  the  collections  of  water  in  hoof  prints  of  animals 
or  in  vacant  lots,  are  very  likely  to  produce  numerous  mosquitoes. 
The  rain-barrels  and  wash  tubs  so  frequently  used  to  collect  water 
from  roofs  and  the  much  smaller  quantities  found  in  rejected  con¬ 
tainers,  such  as  old  firkins,  tin  cans  etc.  may  produce  bloodthirsty 
hordes.  Cisterns  and  basins  containing  water  are  also  favorable 
breeding  places. 

The  most  effective  measures  are  the  drainage  or  filling  of  such 
areas,  the  elimination  of  useless  water  containers  and  the  adequate 
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care  of  others.  The  drained  or  filled  areas  are  permanently  elimi¬ 
nated  as  breeding  places.  The  use  of  kerosene  or  a  moderately 
heavy  crude  petroleum  distillate  is  a  very  effective  method  of  destroy¬ 
ing  mosquito  larvae,  since  with  few  exceptions  they  must  come 
to  the  surface  in  order  to  obtain  air  and  the  film  of  oil,  if  maintained 
for  at  least  12  hours,  means  the  destruction  of  the  larvae.  Kerosene 
is  effective,  although  a  somewhat  heavier  oil  is  advisable  if  it  spreads 
quickly,  evenly  and  does  not  evaporate  too  rapidly.  One  part 
kerosene  to  three  parts  of  crude  oil,  up  to  three  parts  of  kerosene 
and  one  part  of  crude  oil,  may  be  used,  much  depending  upon  the 
viscosity  of  the  crude  oil.  The  mixture  should  be  slightly  thicker 
than  kerosene.  Waste  oil  from  crank  cases  of  automobiles  is  cheap 
and  very  satisfactory. 

Oil  may  be  applied  with  a  knapsack  pump  or  sprayed  upon  the 
water  with  any  similar  device.  Oil-soaked  sawdust  may  be  dis¬ 
tributed  upon  the  water  or  placed  in  a  bag  and  submerged.  The 
gradual  escape  of  the  oil  assists  greatly  in  maintaining  a  constant 
film.  In  some  localities  dripping  devices  of  one  kind  or  another  are 
used.  It  is  even  possible  to  use  the  less  offensive  types  of  oil  on 
cisterns,  providing  the  water  for  domestic  use  is  drawn  from  below 
the  surface.  Thorough  screening,  however,  renders  this  unnecessary. 

Larvae  or  wrigglers  may  be  destroyed  by  the  use  of  phenol  combi¬ 
nations,  such  as  have  been  employed  so  successfully  in  the  Canal 
Zone.  The  formula  is  as  follows:  150  gallons  of  crude  carbolic  acid, 
which  must  contain  not  less  than  1 5  per  cent  phenol,  200  pounds  of 
common  rosin  finely  crushed  and  sifted  and  30  pounds  of  caustic 
soda  dissolved  in  6  gallons  of  water.  Heat  the  carbolic  acid  in  an 
iron  tank,  using  a  steam  coil  with  50  pounds  pressure  to  2120  F., 
dissolve  the  rosin  in  the  boiling  acid  and  then  add  the  dissolved 
caustic  soda,  mixing  thoroughly.  Only  a  few  minutes  is  necessary 
to  complete  the  preparation  and  the  above  amounts  make  about 
3 1  barrels.  This  combination  mixes  readily  with  water  and  tends 
to  remain  at  the  edges  of  the  streams,  that  which  passes  down  killing 
as  it  goes. 

Paris  green  has  been  used  very  successfully  in  killing  Anopheles 
larvae.  It  is  diluted  with  road  dust,  fine  sand  or  other  inert  material 
in  a  proportion  of  about  ten  of  Paris  green  to  one  of  dust.  It  is 
applied  by  sowing  in  the  air  from  the  edge  of  the  pond  when  winds 
are  favorable  to  carrying  the  preparation  over  the  water  or  with  an 
airplane.  (King  and  Bradley,  1926.)  Light  applications  should 
be  made  every  ten  days,  not  enough  being  used  to  injure  fishes  or 
endanger  animals  which  may  drink  the  water. 
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Engineers  in  charge  of  public  works,  railroads  etc.,  should  ever 
keep  in  mind  the  fact  that  public  comfort  and  general  efficiency  are 
seriously  affected  by  hordes  of  mosquitoes,  even  if  they  are  not 
malarial  carriers,  and  plan  their  excavations  and  fills  in  such  a  way 
as  to  leave  a  minimum  of  breeding  places  for  these  insects. 


Figure  15  Salt  marsh  mosquito,  Aedes  sollicitans,  from  above,  the  toothed  front 
claw  more  enlarged.  (After  Howard) 


Figure  16  Cat  and  dog  flea,  Ctenocephalus  canis,  seen  from  the  side,  enlarged 
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Top  feeding  fish  are  very  effective  checks  on  mosquito  breeding 
in  bodies  of  water  and  they  should  be  established  in  small  permanent 
pools  where  they  do  not  occur.  In  the  South,  carp,  pike,  mullet, 
perch,  shrimp  and  small  turtles  feed  upon  wrigglers  and  the  smaller 
of  these  are  recommended  for  artificial  water  containers,  since  their  use 
greatly  simplifies  control. 

Adult  mosquitoes  may  be  destroyed  in  buildings  and  other  inclo¬ 
sures  by  fumigation  with  various  materials,  such  as  burning  moistened 
pyrethrum,  volatilizings  Mimms  culicide  or  camphor  phenol  (3 
pounds  to  1000  cubic  feet),  cresyl  (5  grams  to  40 cubic  feet),  or  cresol 
(165  cc.  to  2640  cubic  feet). 

Oil  of  pennyroyal,  oil  of  citronella,  oil  of  peppermint  or  a  mixture 
of  oil  of  citronella,  one  ounce  of  spirits  of  camphor  and  .5  of  an 
ounce  of  oil  of  cedar,  are  excellent  repellents.  Any  of  these  may  be 
combined  in  the  proportions  of  a  few  drops  to  a  half  ounce  of  vase¬ 
line  or  lanolin,  which  will  greatly  increase  their  effectiveness,  since 
the  grease  holds  the  odor  and  prevents  rapid  evaporation. 

FLEAS 

These  active,  troublesome  insects  (see  fig.  16)  have  been  definitely 
associated  with  the  spread  of  the  deadly  bubonic  plague,  a  disease 
which  has  laid  the  heaviest  tolls  upon  human  life  and  one  of  great 
interest  to  residents  of  the  United  States  on  account  of  its  having 
occasionally  become  established  in  this  country. 

Investigations  of  recent  years  have  established  the  fact  that  this 
plague  is  a  rodent  infection,  the  fleas  forsaking  dying  rats  and  mice 
and  attacking  man.  The  three  plague  rats  are,  the  Norway  rat,  the 
Alexandrian  rat  and  the  Indian  black  rat.  See  The  Field  Rat  in 
Hawaii  and  Its  Control,  Bui.  17,  Hawaiian  Sugar  Planters  Association, 
p.  1-46,  1925,  for  a  summary  account  of  rats  and  incidentally  plague 
control.  Ground  squirrels  on  the  Pacific  coast  are  also  susceptible 
to  this  disease  and  potential  reservoirs  of  infection.  Investigations 
have  shown  that  plague  bacilli  multiply  in  the  stomach  of  the  insect, 
that  infested  fleas  regurgitate  blood  through  the  mouth,  that  this 
blood  spreads  out  over  the  body  and  that  inoculation  may  result  by 
the  bite  of  the  insect  and  by  scratching. 

Plague  Carriers 

It  is  known  that  plague  is  carried  by  a  number  of  fleas  (For  a  key 
to  the  genera  of  fleas,  Siphonaptera  see  Fox,  1925,  p.  120),  notably 
the  Indian  rat  flea  (Xenopsylla  cheopis  Roth.),  the 
European  rat  flea  (Cer  atophyllus  fasciatus  Bose.), 
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(see  fig.  17)  the  human  flea  (Pulex  irritans  Linn.),  (see 
fig.  18)  the  European  mouse  flea  (Leptopsylla  musculi 
Duges),  the  dog  flea  (Ctenocephalus  canis  Curtis),  the 
squirrel  fleas  (Hoplopsyllus  anomalus  Baker  and 
Ceratophyllus  acutus  Baker) ,  the  cat  flea  (Cteno¬ 
cephalus  felis  Bouche)  and  rat  fleas  (Ceratophyllus 
anisus  Roth,  and  Pygiopsylla  ahalae  Roth.).  This 
is  a  matter  of  some  importance  since  the  Indian  rat  flea  is 
abundant  in  parts  of  seaport  cities  of  the  Pacific  and  Gulf  coasts 
of  the  United  States,  while  away  from  the  water  front  its  place 
as  a  rat  parasite  is  largely  taken  by  the  European  rat  flea  and  the 
mouse  flea.  A  recent  study  of  rat  fleas  at  Providence,  R.  I., 
showed  that  the  Indian  rat  flea  comprised  7  5  per  cent,  the 
European  rat  flea  22  per  cent,  the  European  mouse  flea  2.5  per  cent 
and  the  dog  flea  .5  per  cent,  in  a  total  of  341  rats  examined.  The 
average  between  July  and  September  was  10.2  fleas  to  a  rat  and  from 
October  to  December,  3.7.  Consequently,  it  is  only  necessary  to 
introduce  an  infected  rat  in  any  of  these  localities  to  make  possible 
an  outbreak  of  this  deadly  plague,  something  which  may  easily  result 
through  ordinary  trade  activities.  This  is  evidenced  by  the  develop¬ 
ment  of  a  few  cases  of  plague  in  1920  at  Pensacola,  Fla.,  New  Orleans, 
La.,  Galveston,  Beaumont  and  Port  Arthur,  Tex.,  rat  examinations 
by  the  Public  Health  Service  disclosing  rat  epizootic  in  all  but  Port 
Arthur. 


Figure  1 7  The  European  rat  flea,  Ceratophyllus  fasciatus, 
larva.  Greatly  enlarged.  (After  Bishopp) 

A  comparative  study  of  rat  flea  data  for  several  ports  on  the 
Atlantic  coast,  namely,  Boston,  New  York  City  and  New  Orleans  by 
Messrs  Fox  and  Sullivan  (1925,  p.  1909)  gives  some  very  suggestive 
data.  In  New  York  City,  for  example,  it  was  found  that  26.8  per 
cent  of  the  rats  trapped  on  docks  or  wharves  had  fleas,  30.9  per  cent 
of  those  trapped  in  warehouses  adjacent  to  docks  or  wharves  had 
fleas,  and  49.5  per  cent  trapped  elsewhere  in  the  city  had  fleas. 
Similarly,  in  Boston  30.8  per  cent  of  the  rats  trapped  on  wharves 
or  docks  carried  fleas,  30.9  per  cent  of  those  trapped  in  warehouses 
adjacent  to  the  water  front  had  fleas,  57.3  of  those  trapped  elsewhere 
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in  the  city  carried  fleas  and  25.6  per  cent  of  the  rats  trapped  in  the 
suburbs  had  fleas.  The  authors  consider  it  significant  that  in  New 
Orleans  where  plague  has  actually  existed,  the  Indian  rat  flea, 
Xenopsy  11a  cheopis  Roth.,  is  the  predominant  rat  flea 
present  during  every  month  of  the  year  and  that  the  European  rat 
flea,  Ceratophy  llus  fasciatus  Bose. ,  is  practically 
absent,  while  in  the  northern  cities  under  study  where  plague  has 
never  existed,  the  European  rat  flea,  C.  fasciatus  Bose.,  is 


Figure  18  The  human  flea  (Pulex  irritans) :  Adult  female.  Greatly  enlarged. 

(After  Bishopp) 


the  predominant  rat  flea,  while  the  Indian  rat  flea,  Xenopsylla 
cheopis  Roth.,  appears  in  greater  numbers  only  during  a  few 
months  of  the  year.  They  also  regard  it  as  significant  that  in  New 
Orleans  the  average  number  of  fleas  per  rat  is  consistently  high,  as 
compared  with  the  average  number  in  New  York  and  Boston.  They 
feel  that  temperature  and  humidity  have  an  important  effect  upon 
the  average  number  of  fleas  per  rat,  as  well  as  the  numbers  of  the 
Indian  rat  flea,  Xenopsylla  cheopis  Roth.  These  data 
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are  of  importance  since  it  is  a  well-known  principle  in  epidemiology 
that  the  mere  presence  of  an  insect  is  not  sufficient  to  produce  an 
epidemic  of  insect- transmitted  disease ;  the  insect  must  also  be  present 
in  sufficient  numbers.  There  is  therefore  a  safe  minimum  which 
precludes  the  possibility  of  an  insect-borne  disease  assuming  epidemic 
proportions.  Robertson  points  out  that  in  modern  times  plague 
has  not  been  a  real  menace  north  of  350  north  latitude,  except  on  the 
Mediterranean  and  on  the  Pacific  coast  of  the  United  States,  because 
the  seasonal  prevalence  of  rat  fleas  in  northern  latitudes  is  too  short 
to  permit  of  a  general  spread  of  the  plague  among  rats  and  from  rats 
to  man. 

Indian  rat  fleas  are  not  very  active  and  individuals  from  plague 
stricken  rats  are  likely  to  reach  only  human  beings  living  in  the  same 
house.  This  species  is  able  to  transmit  plague  33  days  after  feeding 
upon  an  infected  animal.  The  European  rat  flea  is  able  to  carry 
plague  bacilli  for  periods  of  from  two  to  47  days  in  the  absence  of 
the  host.  Another  significant  fact  is  that  British  troops  in  Hongkong 
provided  only  with  boots,  were  much  bitten  by  fleas  and  many  con¬ 
tracted  plague,  while  others  in  India  equipped  with  “  putties  ” 
did  not  contract  disease  because  fleas  could  not  get  at  their  ankles. 
It  is  evident  that  flea  and  rat  control  eliminates  danger  from  plague. 

Habits  of  Fleas 

The  more  common  fleas  about  dwellings  in  the  Eastern  States 
are  the  cat  and  dog  fleas,  while  on  the  Pacific  coast  the  human  flea 
is  the  troublesome  species.  These  insects  occur  upon  their  hosts, 
although  the  human  flea  appears  to  pass  a  portion  of  the  winter  upon 
dogs.  There  are  many  species  of  fleas,  most  of  them  closely  restricted 
to  certain  hosts. 

The  minute,  white  eggs  of  the  cat  or  dog  flea  are  dropped  mostly 
about  sleeping  places  of  their  hosts,  and  the  slender,  active  larvae 
feed  upon  the  organic  matter  found  in  the  dust.  They  are  particu¬ 
larly  likely  to  thrive  in  cracks  and  crevices  of  floors.  The  egg  stage 
may  last  two  weeks,  the  larval  period  12  days  and  the  pupal  stage 
from  12  to  16  days,  a  total  for  the  complete  life  cycle  of  five  to  six 
weeks. 

The  human  flea  develops  somewhat  more  rapidly,  the  egg  stage 
being  given  as  from  four  to  six  days,  the  larval  period  1 1  days,  and 
the  duration  of  the  pupal  stage  12  days,  making  a  generation  possible 
in  four  to  six  weeks. 

The  Indian  rat  flea  has  an  egg  period  in  India  of  two  days  and  in 
California  of  from  nine  to  13  days,  while  the  usual  larval  existence 
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of  eight  to  24  days,  as  given  by  American  and  English  authorities, 
is  extended  in  California  under  laboratory  conditions  to  rarely  less 
than  28  and  even  30  days  and  sometimes  longer.  The  adults  of  this 
species  may  live  on  rats  in  India  for  41  days,  the  maximum  on  an 
exclusive  diet  of  human  blood  for  that  locality  being  27  days,  although 
in  California  the  insects  have  been  kept  alive  under  such  conditions 
for  36  days.  Fleas  may  live  in  bran  in  the  absence  of  liquid  food 
for  six  days  and  in  sand  with  moist  cow-dung  for  13  days. 

The  following  summary  from  an  extensive  study  by  Bacot  (1914, 
p.  447)  gives  in  brief  compass  some  of  the  possibilities  of  flea  infesta¬ 
tion,  the  possible  length  of  life  of  the  individual  being  obtained  by 
adding  together  the  maximum  periods  recorded  for  every  stage. 

European  rat  flea,  Ceratophyllus  fasciatus  Bose., 
egg  10  days,  larva  114  days,  cocoon  450  days,  adult  when  fed  106 
days,  unfed  95  days,  possible  length  of  life  680  days. 

Indian  rat  flea,  Xenopsylla  cheopis  Roth.,  egg  10  days, 
larva  84  days,  cocoon  182  days,  adult  when  fed  100  days,  unfed 
38  days,  possible  length  of  life  376  days. 

Human  flea,  Pulex  irritans  Linn.,  egg  12  days,  larva  202 
days,  cocoon  239  days,  adult  when  fed  513  days,  unfed  125  days, 
possible  length  of  life  966  days. 

Dog  flea,  Ctenocephalus  canis  Curtis,  egg  8  days, 
larva  142  days,  cocoon  354  days,  adult  when  fed  234  days,  unfed 
58  days,  possible  length  of  life  738  days. 

Bird  or  chicken  flea,  Ceratophyllus  gallinae  Schrank, 
egg  7  days,  larvae  (estimate)  50  days,  cocoon  (interrupted  by  opening) 
70  days,  adult  when  fed  354  days,  unfed  125  days,  possible  length 
of  life  481  days.  This  last  species  has  been  recorded  from  several 
localities  in  the  United  States. 

Sandy  soil  is  most  suitable  for  flea  development  and  undisturbed 
dry  dust  in  buildings  and  sheds  appears  particularly  favorable. 
The  custom  of  setting  buildings  on  foundations  some  distance  from 
the  ground,  prevalent  in  the  South,  thus  gives  opportunities  for  cats, 
dogs  and  other  animals  to  range  beneath,  over  an  unusually  dry 
soil,  and  affords  almost  ideal  conditions  for  the  development  of  these 
pests.  This  sometimes  results  in  a  general  infestation  of  adjacent 
lawns.  Fleas  have  also  been  definitely  associated  with  infantile 
kala-azar  and  the  occasional  human  infestation,  especially  of  children, 
by  the  dog  tape  worm,  Dipylidium  caninum,  the  larvae 
of  which  develop  in  both  the  cat  and  dog  flea  and  presumably  gain 
access  to  the  human  body  through  close  association  with  cats  and 
dogs. 
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Flea  Control 

Domestic  animals  allowed  in  houses  should  be  provided  with  a 
sleeping  mat  or  blanket  and  the  latter  taken  up  frequently,  shaken, 
and  the  collected  dust  burned.  Infested  animals  may  have  a  quantity 
of  pyrethrum  powder  rubbed  into  the  hair.  This  stupefies  the 
fleas,  causing  them  to  drop  and  then  they  may  be  swept  up  and 
burned.  Washing  with  a  3  per  cent  solution  of  creolin  or  a  similar 
preparation  is  very  effective.  In  the  case  of  cats  this  should  be 
followed  by  washing  with  warm  soap  and  water  in  order  to  remove 
the  creolin  and  thus  avoid  a  possible  slight  burning.  Dusting  with 
pulverized  naphthalene  will  drive  the  fleas  from  the  animals,  though 
it  may  sicken  cats  slightly  for  a  day  or  two.  Such  measures  are 
unnecessary  if  domestic  animals  are  not  allowed  indoors. 

One  of  the  simplest  and  safest  methods  of  destroying  fleas  in 
dwellings  is  fumigating  with  flake  naphthalene,  using  five  pounds  to 
an  average-sized  room  and  closing  it  for  24  hours.  The  naphthalene 
may  be  spread  out  upon  newspapers  and  used  repeatedly.  It  is 
probable  that  dusting  with  sodium  fluoride  would  give  equally  good 
results,  although  its  use  is  not  entirely  free  from  danger.  Both, 
especially  the  latter,  could  be  used  in  cellars. 

Calcium  cyanide,  either  powdered  or  flake,  preferably  the  latter, 
can  be  used  to  fumigate  infested  rooms  or  cellars  at  the  rate  of  one 
pound  to  a  thousand  cubic  feet  of  space  for  rooms  or  cellars  which 
can  be  closed  for  at  least  several  hours,  preferably  longer,  and  where 
adequate  precautions  against  the  deadly  fumes  can  be  readily  taken. 
There  should  be  thorough  ventilation  from  the  outside  before  anyone 
is  allowed  to  enter  the  building  or  room. 

General  flea  infestations  usually  originate  in  some  dusty,  undis¬ 
turbed  shelter.  Cellars  are  frequently  infested,  and  the  first  step 
should  be  to  ascertain  the  conditions  and  stop  the  breeding  by 
thorough  cleaning  or  treatment  with  one  of  the  above-mentioned 
materials.  In  the  case  of  infested  yards  or  lawns,  all  rubbish  beneath 
buildings  should  be  removed  and  burned,  and  the  surface  of  the 
ground,  frequently  dry  and  dusty,  should  be  treated  with  lime- 
sulphur  or  sprayed  with  an  insecticide.  The  grass  of  the  lawn 
should  be  cut  as  close  to  the  ground  as  possible,  the  trimmings 
burned  and  the  lawn  kept  well  watered.  An  abundance  of  moisture 
is  very  detrimental  to  fleas.  For  a  flea  trap,  see  figure  19. 

Rat  fleas  are  not  particularly  troublesome  to  man,  being  only 
accidental  parasites,  and  were  it  not  for  their  tremendous  importance 
in  the  dissemination  of  plague,  they  could  usually  be  ignored.  The 
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control  of  rat  fleas  is  best  effected  by  eliminating  the  host.  This  is 
one  of  the  most  effective  methods  in  plague  work.  The  rat-proofing 
of  dwellings  and  other  structures  and  the  reduction  of  rat  shelters  to 
a  minimum  is  of  prime  importance.  Systematic  trapping  and 
poisoning  is  also  very  helpful.  Rats  are  enormously  prolific  and 
this  should  not  be  overlooked.  It  has  been  estimated  that  the 
progeny  from  one  pair  of  wild  Norway  rats  would  amount  to  516,000 
individuals  in  three  years,  assuming  that  breeding  begins  at  the  age 
of  four  months  and  that  four  litters  of  an  average  of  six  young,  three 
of  each  sex,  are  produced  each  four  months.  This  enormous  increase 
appears  well-nigh  impossible,  and  yet  at  that  rate  there  would  be 
only  512  descendants  at  the  end  of  the  first  16  months,  whereas 
there  were  actually  obtained  during  this  period  at  the  Wistar 
Institute,  Philadelphia,  from  a  pair  of  Albino  rats,  3800  descendants 
(Donaldson,  1925,  p.  305),  and  that  was  by  no  means  the  limit, 
since  several  hundred  rats  were  not  allowed  to  breed  at  all  during 
the  latter  months  of  the  period.  The  obvious  deduction  is  that  food 
and  shelter  are  very  important  and  in  rat  eradication  work  the 
reduction  of  the  available  food  supply  to  an  absolute  mean  is  essential. 

CHIGGERS  or  SAND  FLEAS,  Dermatophilus  penetrans 

Linn. 

These  insects,  also  known  as  jiggers  or  chigoes,  are  very  annoying 
pests  of  the  tropics  in  the  New  World  and  in  Africa.  They  are 
very  different  from  harvest  mites,  also  known  as  chiggers  and 
noticed  on  page  51.  The  insects  are  very  small  fleas  which  thrive 
in  sandy  regions  and  have  a  development  similar  to  more  common 
fleas.  The  females  have  the  unpleasant  habit  of  attacking  man 
and  burrowing  into  the  skin,  especially  under  the  toe  nails,  where 
they  develop  to  relatively  enormous  dimensions  and  produce  a 
hundred  or  more  eggs.  They  cause  a  very  painful  inflammation 
of  adjacent  tissues.  The  eggs  are  laid  in  the  cavity  and  as  soon  as 
this  occurs,  the  wound  ulcerates  and  there  is  danger  of  a  serious 
infection  followed  by  blood  poisoning  or  even  death  from  tetanus. 

Infestation  by  this  troublesome  insect  can  be  largely  avoided 
by  wearing  high  boots  or  shoes  and  leggings.  The  insects  should 
be  removed  from  the  wounds  as  soon  as  possible,  preferably  by 
enlarging  the  entrance  hole  with  a  needle  so  as  to  permit  the  escape 
of  the  entire  insect.  This  should  be  followed  by  a  dressing  to  pro¬ 
mote  healing.  Bathing  the  infested  parts  with  kerosene  is  also 
recommended. 
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BODY  PARASITES 

There  are  several  insects  grouped  under  this  heading  because 
they  have  considerable  in  common. 


BEDBUG,  Cimex  lectularius  Linn. 

This  insect  (see  fig.  20),  has  been  shown  capable  of  transmitting 
bubonic  plague,  South  American  trypanosomiasis,  and  one  experi- 


Figure  19  Flea  trap. 
The  central  cylinder  is 
removable  and  is  cov¬ 
ered  with  sticky  fly  pa¬ 
per.  (After  Bishopp) 


Figure  2 1  Masked  bed¬ 
bug  hunter,  Reduvius 
personatus,  an  enemy  of 
the  bedbug ;  from  above, 
about  twice  natural  size. 
(After  Howard) 


Figure  20  Bedbug,  Cimex  lectularius:  A  and  B,  adult  females  from  above  and 
below,  gorged  with  blood;  C and  D,  structural  details.  (After  Marlatt) 
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menter  has  succeeded  in  transmitting  by  its  bite  European  relaps¬ 
ing  fever  from  mouse  to  mouse.  The  tropical  bedbug,  Cimex 
rotundatus  Sign. ,  when  macerated  and  inoculated  into  a  white 
mouse  32  days  after  feeding  caused  relapsing  fever  (Dunn,  1923,  p. 
350).  It  has  been  claimed  that  kala-azar,  oriental  sore,  tubercu¬ 
losis  and  even  syphilis  may  be  so  carried.  In  spite  of  these  possibili¬ 
ties,  the  bedbug  has  not  attracted  much  notice  as  a  general  disease 
carrier,  either  because  its  opportunities  are  so  limited  or  on  account 
of  the  difficulty  of  establishing  the  part  it  has  actually  played. 

The  bedbug  is  nocturnal,  feeding  to  repletion  and  then  seeking 
shelter  where  it  may  remain  for  two  or  three  days.  The  oval  white 
eggs  are  deposited  in  cracks  and  crevices  in  batches  of  six  to  50  or 
thereabouts.  The  yellowish  white,  nearly  transparent  young  hatch 
in  a  week  or  ten  days  and  approximately  1 1  weeks  are  necessary  to 
complete  development,  although  this  is  probably  greatly  modified 
by  the  degree  of  warmth  and  the  abundance  of  food.  It  is  stated 
that  ordinarily  one  meal  is  taken  between  each  of  the  five  molts 
preceding  maturity.  The  ability  of  these  insects  to  live  without 
food  has  an  important  bearing  upon  the  prevalence  and  control  of 
the  pest.  Newly  hatched  bedbugs,  those  which  have  had  no  oppor¬ 
tunity  of  feeding,  may  live  on  an  average  28.1  days,  the  maximum 
being  41  and  the  minimum  17  days.  Partly  grown  individuals, 
captured  and  therefore  with  no  record  as  to  previous  feeding,  lived 
from  17  to  60  days  and  full-grown  adults  from  two  to  60  days.  Unfed 
bugs  at  temperatures  of  from  60  to  65°  F.  may  live  for  136  days  and 
after  meals  for  9  months.  Unfed  young  bugs  have  been  kept  alive 
in  a  bottle  for  75  days.  These  pests  are  also  known  to  feed  to  a 
certain  extent  upon  mice  and  some  domestic  animals  and  this  habit 
may  frequently  explain  the  abundance  of  bugs  in  uninhabited 
dwellings. 

Bugs  frequently  infest  the  nests  of  swallows  and  bats  and  while 
they  resemble  the  true  bedbug  very  closely  indeed,  they  are  different 
and  rarely  trouble  people,  although  they  sometimes  invade  rooms 
adjacent  to  nesting  places.  Occasionally  chicken  houses  are  badly 
infested  by  the  true  bedbug. 

The  elimination  of  cracks  and  crevices,  loose  wall-paper,  wooden 
bedsteads  and  similar  hiding  places,  is  a  great  assistance  in  checking 
this  pest.  In  the  older  types  of  dwellings  cracks  and  crevices 
should  be  stopped  and  the  joints  of  old-fashioned  bedsteads  treated 
liberally  with  kerosene,  benzine  or  similar  oils.  Hot  water  can  also 
be  employed.  A  5  per  cent  solution  of  carbolic  acid  kills  bugs  in 
10  minutes.  Medical  turpentine  with  its  own  volume  of  soap  suds 
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is  very  effective.  A  6  per  cent  mercuric  chloride  solution  kills  all 
bugs  it  comes  in  contact  with  and  though  it  is  a  virulent  poison, 
the  solution  may  be  forced  into  cracks  and  crevices  and  the  like 
infested  by  bugs  without  serious  danger.  Furthermore,  on  drying, 
a  thin  film  of  poison  remains  which  will  kill  any  bugs  not  hit  by  the 
spray.  Fumigation  with  calcium  cyanide,  i  pound  to  1000  cubic 
feet  of  space,  is  effective  where  possible.  The  treatment  should  last 
at  least  several  hours  and  preferably  io  hours  to  two  days. 

Consideration  of  the  bedbug  would  be  incomplete  without  refer¬ 
ence  to  the  “  big  bedbug  ”  of  the  South,  Triatoma  sangui- 
s  u  g  a  Lee. ,  a  species  which  rather  commonly  attacks  man  and 
inflicts  an  exceedingly  painful  bite,  due  to  the  poisonous  saliva 
apparently  injected.  This  insect  is  carnivorous  in  habit  and  feeds 
upon  insects  as  well  as  upon  mammalian  and  human  blood.  It  is 
reported  as  frequently  occurring  in  poultry  houses  and  as  attacking 
horses  in  barns.  The  masked  “bedbug  hunter,”  Reduvius 
personatus  Linn,  (see  fig.  21),  widely  heralded  as  the  “  kissing 
bug  ”  about  1900,  is  a  closely  related  species  with  similar  habits. 
The  bite  of  this  species  is  exceedingly  painful,  the  resulting  swelling 
and  irritation  lasting  sometimes  for  a  week.  Ordinarily  it  is  bene¬ 
ficial,  since  the  young  prey  upon  other  insects.  This  group  of  big 
bedbugs  is  particularly  interesting,  since  a  Brazilian  species,  Cono- 
rhinus  megistus  Burm.,  very  commonly  attacks  man  in  that 
section  of  the  world  and  has  been  definitely  associated  with  the  dis¬ 
semination  of  trypanosomiasis  of  man.  It  is  characterized  as  pre¬ 
eminently  a  household  insect,  the  eggs  being  deposited  in  cracks 
and  crevices,  and  the  young  hatching  in  20  to  40  days.  The  entire 
life  cycle  is  estimated  at  324  days.  The  bite  of  this  species  causes 
little  pain.  The  same  trypanosome  develops  in  the  common  bedbug, 
Cimex  hectularius  Linn,  and  inC.  rotundatus  Sign., 
the  period  of  infectivity  being  much  shorter,  however. 

BODY  LOUSE,  Pediculus  corporis  DeGeer 

This  insect  is  the  principal  agent  in  disseminating  typhus  and  trench 
fever,  both  diseases  of  cool  temperate  climates.  The  louse  is  also  a 
vector  of  recurrent  fever,  an  infection  which  on  virgin  soil  exhibits 
a  malignancy  out  of  proportion  to  its  comparatively  harmless  nature 
in  countries  where  it  has  long  been  endemic  (Trans.  R.  Soc.  Trop. 
Med.  and  Hyg.,  1925,  19:  256-64). 

There  is  evidence  that  under  certain  conditions  this  insect  may 
carry  plague  and  the  bacillus  of  typhoid  fever  has  been  found  in 
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the  blood  of  lice.  It  is  suspected  of  carrying  both  leprosy  and 
beri-beri. 

Lice  have  been  definitely  associated  with  impetigo  contagiosa , 
patients  suffering  from  this  affection  quickly  recovering  after  the 
elimination  of  the  lice.  One  investigator  has  associated  head  lice 
with  an  eye  disease,  phlyctenular  conjunctivitis.  There  are  also 
records  of  lice  being  able  in  some  manner  to  establish  themselves 
under  the  skin  and  in  the  case  of  certain  cutaneous  lesions  it  is  quite 
probable  that  lice  are  important  agents  in  increasing  the  severity 
of  the  affection. 

Louse  bites  produce  minute  haemorrhagic  spots  located  chiefly 
over  the  neck,  back  and  abdomen.  These  are  accompanied  by 
urticaria,  the  itching  leading  to  scratching  so  that  the  skin  appears 
scarred  in  a  lineal  manner  by  the  finger.  In  tramps,  chronic 
drunkards  and  vagabonds  who  may  harbor  lice  for  years,  the  skin 
over  the  most  frequently  bitten  areas  becomes  rough,  thickened 
and  deeply  pigmented.  This  condition  is  known  as  morbus  errorum 
or  vagabond’s  disease.  Pediculosis  alone  may  at  times  produce 
fever  which  has  been  attributed  to  cutaneous  irritation  and  possibly 
to  the  toxic  action  of  numerous  louse  bites.  The  melanodermia  or 
skin  pigmentation  just  mentioned  may  extend  to  the  mucous  mem¬ 
branes  and  be  visible  in  the  mouth,  and  this  at  times  has  led  to  a  false 
diagnosis,  it  being  considered  Addison’s  disease.  In  pediculosis 
there  may  be  extensive  skin  maculae,  but  in  Addison’s  disease  the 
pigmentation  occurs  in  skin  regions  that  are  rich  in  natural  pigment ; 
there  are  no  pedicular  maculae  on  the  mucous  membrane  and  there 
are  no  pediculi  present. 

Available  data  indicate  the  somewhat  general  prevalence  of 
lice  among  the  poorer  classes,  particularly  where  crowding  and 
insanitary  conditions  prevail.  In  the  case  of  patients  admitted  to 
hospitals,  the  proportions  may  vary  from  about  i  to  over  5  per  cent. 

This  insect  is  very  similar  to  the  head  louse,  though  it  has  different 
habits  and  is  considered  a  distinct  species.  It  is  considerably  larger 
than  the  head  louse,  has  longer  antennae,  and  is  of  a  dirty  white 
color.  This  parasite  usually  conceals  itself  in  the  folds  of  the  cloth¬ 
ing,  deposits  eggs  along  the  seams  and  wrinkles,  and  passes  to  the 
skin  only  for  the  purpose  of  feeding,  which  latter  is  said  to  occur 
twice  a  day.  It  is  the  “  gray  back  ”  of  the  Civil  War  and  the 
“  cootie  ”  of  the  World  War. 

A  female  may  deposit  nearly  300  eggs,  which  latter  hatch  in 
from  three  to  four  days,  maturity  being  attained  in  15  to  18  days. 
Other  authors  give  the  duration  of  the  egg  period  at  eight  to  10 
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days  or  even  io  to  12  days,  and  state  that  the  eggs  may  remain 
viable  away  from  the  body  for  a  period  of  40  days.  The  areas 
favored  for  oviposition  are,  in  the  order  of  their  importance,  the 
fold  of  the  trousers  and  the  armpits,  the  wrinkles  at  the  tail  of  the 
shirt,  next  are  the  trousers  and  shirt  seams  and  then  the  neck.  Eggs 
have  even  been  found  on  the  beads  of  rosaries.  The  insects  accumu¬ 
late  where  there  is  warmth,  humidity  and  shelter.  These  parasites 
may  survive  separation  from  the  human  body  for  a  period  of  nine 
days.  They  may  penetrate  dry  sand  or  earth  to  a  depth  of  12 
inches  and  live  beneath  it  for  four  days. 

Body  lice  may  under  certain  conditions  be  blown  a  number  of 
feet  and  occasionally  infestations  may  occur  in  this  manner.  When 
at  a  greater  distance  than  15  to  18  inches  from  the  skin  they  wander 
about  aimlessly,  although  when  not  feeding  the  lice  attach  them¬ 
selves  to  fragments  of  clothing,  the  latter  a  very  probable  explanation 
of  typhous  infection  among  doctors.  Underfed  or  cold  lice  do  not 
oviposit.  The  eggs  are  probably  not  laid  on  straw  bedding  under 
normal  conditions  since  egg  laying  ceases  at  76°  F.  and  a  daily  fall 
of  temperature  to  61 0  F.,  even  though  it  lasted  for  two  hours  only, 
caused  a  considerable  reduction  in  the  number  of  eggs.  It  is  probable 
that  hatching  and  oviposition  would  stop  if  at  night  all  clothes  were 
removed  and  placed  where  the  temperature  was  6i°  F.  or  lower  and 
the  bedding  was  left  during  the  day  in  an  unheated  place. 

Lice  are  able  to  live  without  food  for  two  to  five  days  at  a  tem¬ 
perature  of  85°  F.  in  moist  air  and  from  two  to  three  days  in  dry 
air  at  68°  F.  They  live  from  three  to  six  days  in  moist  air  and  from 
two  to  four  days  in  dry  air,  while  at  6o°  F.  they  live  respectively 
four  to  six  and  four  to  five  days.  The  lice  become  rigid  with  cold 
at  io°  F.  but  revive  when  the  temperature  rises.  Dry  heat  at  104°  F. 
will  kill  a  gorged  louse  in  six  hours  or  a  hungry  one  in  two  hours. 
Dry  heat  about  1290  F.  causes  death  after  one-half  to  three-fourths 
of  a  hour.  In  practice  one  hour  at  140°  F.  should  be  sufficient 
to  kill  all  stages,  since  it  is  probable  that  none  can  survive  an  exposure 
to  this  temperature  for  30  minutes. 

There  are  records  of  body  lice  feeding  upon  head  lice,  crab  lice, 
black  ants  and  bed  bugs,  habits  which  make  possible  infestations 
in  warm  climates  persisting  much  longer  than  suggested  by  the 
above  data. 

Vermicides.  Naphthalene  96  per  cent,  creosol  2  per  cent,  and 
iodoform  2  per  cent,  appears  to  be  one  of  the  best  and  speediest 
killing  powders,  though  it  should  not  be  used  too  freely  as  it  is  apt 
to  cause  severe  smarting.  The  preparation  should  be  used  on  the 
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portions  of  the  garments  most  likely  to  be  infested.  It  not  only 
kills  the  lice  but  affords  a  considerable  measure  of  protection  for 
a  period  of  five  days.  Commercial  naphthalene  is  more  active  than 
the  pure,  its  lethal  power  being  dependent  in  great  part  on  the 
presence  of  hydrocarbons  and  coal  tar  derivatives.  Creosote  is  a 
slower  insecticide  and  acts  over  a  longer  period  and  the  iodoform 
greatly  increases  the  adhesiveness  of  the  mixture  for  clothes.  A  mix¬ 
ture  of  one  part  each  of  naphthalene  and  camphor  with  sufficient 
benzine  to  render  them  miscible  and  this  in  turn  mixed  with  3  parts 
by  weight  of  sawdust  is  recommended  as  a  preventive  to  be  placed 
in  small,  flat  sachets  measuring  one  and  one-half  by  two  and  one- 
fourth  inches  and  worn  next  to  the  skin.  Even  a  handful  of  finely 
powdered  naphthalene  put  into  the  clothes  through  the  opening 
of  the  neck  and  sleeping  with  the  clothes  on  the  body  has  been 
found  to  result  in  complete  disinfestation,  if  done  three  times  at 
four-day  intervals. 

Lice  in  clothes,  bedding  and  the  like  may  be  destroyed  by  applying 
sufficient  heat,  either  dry  or  moist,  or  by  using  chemicals.  Ironing 
the  seams  of  clothing  with  a  very  hot  iron  is  effective,  it  being 
especially  applicable  to  the  outer  garments.  Steaming  under  pressure 
for  20  minutes  will  destroy  all  stages. 

HEAD  LOUSE,  Pediculus  capitis  DeGeer 

This  is  smaller  than  the  body  louse,  with  shorter  antennae  and  is 
more  frequently  seen  on  children  than  adults.  As  a  rule  it  occurs 
on  the  head,  though  occasionally  it  is  found  upon  other  hairy  portions 
of  the  body  and  in  heavy  infestations  may  spread  all  over  the  body 
and  clothing. 

The  female  may  lay  over  100  eggs  in  about  30  days.  The  egg 
period  is  about  six  days  and  the  lice  require  approximately  18  days 
to  attain  maturity.  The  eggs  or  “  nits  ”  are  whitish,  pear-shaped 
and  fastened  by  their  smaller  ends  to  the  hairs,  especially  those 
back  of  the  ears.  The  lice  produce  a  severe  itching  accompanied 
by  the  formation  of  an  eczema-like  eruption.  When  the  infestation 
is  severe  the  discharge  from  the  pustules  mats  down  the  hair  and 
scabs  are  formed  under  which  the  insects  swarm.  In  such  cases 
there  may  be  a  foetid  odor.  Girls  are  somewhat  more  liable  to 
infestation  than  boys  on  account  of  their  longer  hair. 

Contact  with  infested  individuals,  the  clothes  of  such  persons 
or  even  leaning  against  upholstered  furniture  in  places  frequented 
by  such  persons,  may  result  in  infestation. 
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Among  school  children  the  judicious  use  of  a  fine  comb  or  the 
application  of  a  tincture  or  extract  of  larkspur  is  usually  effective. 
Kerosene,  if  applied  with  discretion,  will  destroy  the  insects  without 
untoward  effect. 

CRAB  LOUSE,  Phthirius  pubis  Linn. 

Pruritus  is  the  first  symptom  calling  attention  to  this  louse. 
It  may  be  violent  and  lead  to  much  scratching  day  and  night,  although 
itching  may  be  only  moderate  or  almost  absent.  There  are  fre¬ 
quently  bluish  spots  on  the  skin  a  sixth  to  half  an  inch  in  diameter, 
irregular  in  outline  and  most  abundant  about  the  abdomen  and 
thighs.  The  fever  and  headache  sometimes  accompanying  this 
infestation  are  possibly  due  to  the  toxic  action  of  the  louse. 

The  flattened,  broad,  whitish  crab  louse  is  very  different  from 
either  the  head  or  body  louse  and  has  not  been  associated  with 
the  dissemination  of  any  disease.  Its  very  stout  legs  are  tinged 
with  red  and  add  greatly  to  the  crablike  appearance  of  the  parasite. 
It  lives  on  all  the  hairy  portions  of  the  body  except  the  head  and 
under  exceptional  conditions  may  be  found  on  the  head,  although 
it  displays  a  marked  preference  for  the  pubic  regions  and  the  armpits. 
The  pear-shaped  eggs  are  attached  to  the  hairs  and  hatch  in  six  to 
seven  days,  and  in  15  days  the  lice  are  mature.  This  pest  is  able 
to  live  apart  from  its  host  under  favorable  conditions  for  10  to  12 
hours.  There  are  two  records  of  this  insect  occurring  on  dogs. 
Infestations  have  been  contracted  by  using  public  water  closets, 
and  in  unclean  lodging  houses,  bath  tubs  and  the  like. 

Repeated  applications  of  mercurial  ointment  is  the  most  satis¬ 
factory  method  of  controlling  this  louse,  although  it  is  a  dangerous 
poison  and  should  therefore  be  used  with  discretion.  Vaseline  mixed 
with  yellow  precipitate  is  advised  for  the  eyebrows  and  eyelashes. 

COCKROACHES 

There  are  several  species  of  cockroaches  (see  figs.  22,  23)  which 
may  become  extremely  abundant  in  dwellings  and  are  certainly 
highly  objectionable  on  account  of  their  filthy  habits  and  contamina¬ 
tion  of  food.  The  American  cockroach,  Periplaneta  a  m  eri¬ 
ca  n  a  Linn. ,  has  been  fed  upon  cultures  of  cholera  and  the  disease 
germs  recovered  from  the  insect  feces,  in  one  instance  79  hours  after 
feeding.  Cockroaches  have  been  observed  to  disgorge  portions  of 
their  meals  at  various  intervals  after  feeding,  and  in  one  case,  as 
long  as  an  hour  after,  cholera  vibrios  were  found  in  the  affected 
materials.  It  is  quite  possible  that  several  of  the  cockroaches  may 
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disseminate  disease  and  they  should  certainly  not  be  tolerated  in 
hospitals  or  around  sick  in  dwellings. 


Figure  22  Oriental  cockroach,  Periplaneta  orientalis:  A  and  C,  female  from 
above  and  the  side;  B,  male;  D,  a  half -grown  individual;  all  natural  size.  (After 
Marlatt) 


Figure  23  Croton  bug,  Ectobia  germanica,  A,  B,  C,  D,  successive  stages  in  the 
development  of  the  young ;  E,  adult ;  F,  female,  with  egg  case ;  G,  egg  case  enlarged ; 
H,  adult,  with  wings  spread;  all  natural  size  except  G.  (After  Riley) 

Sodium  fluoride  diluted  with  equal  parts  of  plaster  of  Paris  or 
similar  materials  and  strewn  about  the  haunts  of  these  insects, 
is  a  simple  and  very  effective  method  of  controlling  these  pests. 
Boric  acid  gives  excellent  results,  but  powdered  borax  or  borax 
diluted  with  equal  parts  of  naphthalene  flakes  has  given  very  satis¬ 
factory  results. 
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TSETSE  FLIES 

The  tsetse  flies,  Glossina  sp.,  have  had  a  very  important 
influence  upon  the  development  of  certain  portions  of  Africa,  and 
even  today  considerable  areas  are  depopulated  or  without  domestic 
cattle  because  of  the  infections  carried  by  these  insects.  Here,  as  in 
the  case  of  other  disease-carrying  insects,  the  flies  must  first  become 
infected  before  they  are  in  a  position  to  give  the  diseases  to  either 
animals  or  man,  as  the  case  may  be. 

These  insects  are  brown  or  yellowish  brown,  some  no  larger  than 
ordinary  house  flies  and  others  larger  than  blowflies.  They  have 
biting  mouth  parts  similar  to  those  of  other  biting  flies.  The  native 
wild  animals  of  Africa  are  the  normal  hosts  of  these  flies  and  the 
reservoirs  of  the  deadly  trypanosome  diseases  transmitted  by  them. 
Unlike  most  other  flies,  the  development  of  the  young  is  within  the 
body  of  the  mother  fly,  the  larvae  escaping  and  transforming  immedi¬ 
ately  to  the  pupa  in  soft,  dry  ground.  A  single  fly  has  been  known 
to  produce  eight  larvae  or  maggots  in  the  course  of  13  weeks.  There 
are  a  number  of  species  of  tsetse  flies  which  range  across  the  central 
part  of  the  African  continent  and  several  types  of  diseases  are  carried 
by  these  insects.  See  the  Guide  to  the  Study  of  Tsetse-Flies  by 
Newstead,  Evans  and  Potts  (1924),  for  a  comprehensive  account 
of  these  interesting  and  economically  important  insects. 

The  deadly  nagana  of  domestic  animals  caused  by  Trypano¬ 
soma  brucei  is  carried  by  Glossina  morsitans 
Westw.  This  disease  makes  it  impossible  to  keep  domestic  animals 
in  infested  regions,  and  in  certain  seasons  of  the  year  they  can  not 
even  be  driven  through  such  territory  without  danger  of  losing  a 
considerable  proportion  of  the  stock. 

The  tsetse  flies  are  of  most  importance  because  they  are  carriers 
of  sleeping  sickness,  the  most  widespread  of  which  is  known  as 
Gambian  sleeping  sickness  and  which  is  caused  by  Trypano¬ 
soma  gambiense,  an  infection  transmitted  chiefly  if  not 
exclusively  under  natural  conditions  by  Glossina  palpalis 
Rob-Desv.  This  is  the  disease  which  has  caused  the  depopulation 
of  entire  districts,  the  population  of  Uganda  some  10  years  ago 
being  reduced  during  the  preceding  six  years,  it  was  estimated,  from 
300,000  to  100,000.  There  is  a  mild  Nigerian  sleeping  sickness 
believed  to  be  only  a  variety  or  strain  of  the  more  serious  infection 
just  mentioned.  It  likewise  is  carried  by  Glossina  palpalis. 
The  more  recently  recognized  Rhodesian  sleeping  sickness  is  carried 
by  Glossina  morsitans  Westw.  Other  species  have  also 
been  recognized  as  carriers. 
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The  large  areas  infested  by  tsetse  flies,  the  numerous  sources  of 
infection  in  the  native  animals,  and  the  generally  primitive  living 
conditions  of  the  natives  make  the  sleeping  sickness  problem  very 
difficult.  Governmental  agencies  have  been  investigating  the 
problem  for  a  number  of  years  and  as  a  result  much  has  been  learned 
concerning  the  flies,  the  infections  and  the  possibilities  of  restricting 
the  disease.  The  working  out  of  practical  methods  of  dealing  with 
this  situation  is  one  of  the  big  problems,  if  not  the  biggest,  in  that 
section  of  the  world. 

Control  consists  largely  in  reducing  the  breadth  of  contact,  namely, 
restricting  the  probabilities  of  bites  from  infected  flies,  such  as 
clearing  up  brush  affording  shelter  to  the  flies,  and  in  a  few  instances 
transporting  entire  populations  from  well-defined  fly  belts.  The 
collection  and  destruction  of  flies  or  their  pupae  has  been  attempted 
on  a  small  scale.  Some  protection  can  also  be  secured  by  wearing 
light  colored  clothing  which  is  not  particularly  attractive  to  the 
insects.  The  destruction  of  the  principal  native  fly  hosts  has  also 
been  considered,  though  not  carried  out  On  an  extensive  scale, 
owing  to  economic  and  other  considerations. 

LEISHMANIASIS 

There  are  several  serious  affections  grouped  under  this  name, 
and  while  these  are  rarely  found  in  this  country,  their  occasional 
occurrence  justifies  a  brief  notice. 

Kala-azar  was  epidemic  in  India  about  1870,  entire  villages  and 
settlements  being  depopulated.  An  insect  or  insects  are  the  probable 
carriers  and  there  is  considerable  evidence  implicating  the  Indian 
bedbug,  Cimex  rotundatus  Sign.,  as  a  carrier,  possibly 
the  principal  vector. 

Infantile  kala-azar,  prevalent  in  countries  bordering  the  Mediter¬ 
ranean,  closely  resembles  true  kala-azar  but  differs  in  attacking 
infants  and  children  almost  exclusively.  The  Mediterranean 
infection  occurs  in  dogs  and  it  is  believed  that  the  dog  flea  may  be 
the  transmitting  agent. 

Oriental  sore  is  another  of  these  infections  prevalent  from  India 
through  Persia,  Syria  and  Arabia  and  south  of  the  Mediterranean 
westward  to  Morocco.  It  is  believed  to  occur  in  many  tropical 
South  American  cities,  and  one  or  more  insects  may  serve  as  inter¬ 
mediate  hosts,  the  bedbug  being  strongly  suspected. 

Espundia  or  American  Leishmaniasis  occurs  in  a  number  of  the 
tropical  South  American  countries  and  is  particularly  horrible  because 
it  attacks  the  skin  and  the  mucous  membranes  of  the  nose  and 
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mouth  cavity.  The  slow  progressive  infection  may  result  in  the 
destruction  of  much  of  the  tissue  adjacent  to  the  nasal  passages, 
followed  ultimately  by  death.  The  transmitter  is  unknown,  though 
Tabanids  have  been  suggested  as  probable  carriers. 

SCABIES  AND  MITE  RASHES 

The  first  symptom  of  scabies  is  intense  itching,  which  increases 
when  the  patient  is  in  bed.  The  irritated  areas  show  characteristic 
sinuous  lines  at  first  whitish  but  later  blackish,  these  marking  gal¬ 
leries  inhabited  by  the  burrowing  mites,  Sarcoptes  scabiei 
DeG.  The  galleries  may  have  a  length  of  two  inches,  and  firm, 
small,  projecting  vesicles  about  the  size  of  a  pin  head  are  produced 
by  the  secretions  from  the  feeding  mite.  Itching  is  followed  by 
scratching  and  as  a  result  various  complications  may  develop.  The 
attack  does  not  usually  extend  to  the  face.  In  severe  cases  con¬ 
siderable  areas  of  the  body  may  be  infested  and  the  general  health 
of  the  individual  be  seriously  affected.  Early  symptoms  develop 
some  eight  or  ten  days  after  exposure  to  infestation.  The  disease 
is  cosmopolitan  and  occurs  most  frequently  among  the  lower  classes. 

Several  other  species  of  mites  produce  uncomfortable  and  some¬ 
times  serious  irritations,  generally  diagnosed  as  rash.  The  harvest 
mites  or  chiggers,  Trombicula  tlalzahuatl  Murray, 
are  small,  pink  creatures,  very  different  from  the  chiggers  or  sand 
fleas  mentioned  elsewhere.  These  harvest  mites  are  mostly  southern, 
occur  upon  vegetation  of  different  kinds,  usually  in  shady  situations, 
and  are  most  likely  to  attack  in  the  vicinity  of  the  ankles  although 
they  sometimes  drop  from  trees  and  shrubs  and  establish  themselves 
upon  the  neck  or  other  parts  of  the  body.  The  young  mites  are 
supposed  to  burrow  into  the  skin,  though  careful  studies  by  Dr  H.  E. 
Ewing  (1921,  p.  1),  show  that  the  hooked  and  barbed  mouth  parts 
only  are  thrust  into  the  skin.  He  also  demonstrated  that  the  mites 
are  much  too  large  to  enter  the  pores  of  the  skin.  These  pests  pro¬ 
duce  small,  red  spots  which  later  become  surrounded  by  a  congested 
area  of  from  less  than  one-fourth  to  one-half  or  three-fourths  of  an 
inch  in  diameter.  The  harvest  mites  occur  in  the  Gulf  States 
northward  to  New  Jersey  and  Illinois,  the  distribution  in  the  East 
being  over  very  extensive  sections,  while  in  Iowa  they  occur  only 
in  relatively  small  areas.  Around  Washington,  D.  C.,  they  are 
usually  found  in  heavy  growth  or  wild  brush  or  blackberries,  and 
do  not  occur  in  cultivated  fields  or  where  the  ground  is  bare  or  in 
well-kept  parks  and  lawns.  Chiggers  have  been  found  upon  black 
and  garter  snakes  and  several  others  (Miller,  1925  a,  p.  345  and 
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19256,  p.  112),  probably  the  natural  hosts  of  American  species. 
The  wearing  of  high  shoes  or  the  dusting  of  hoisery  with  flowers  of 
sulphur  or  a  mixture  of  equal  parts  of  flowers  of  sulphur  and  any 
talcum  powder  affords  very  satisfactory  protection  against  these 
pests.  Dr  H.  E.  Ewing  (1925,  p.  827)  has  demonstrated  the  efficacy 
of  sulphur-impregnated  clothing,  both  inner  and  outer  garments 
being  treated  with  a  solution  composed  of  one-fourth  pound  of 
naphtha  soap,  one  gallon  of  water  and  one-fourth  pound  of  flowers 
of  sulphur,  the  clothing  being  dipped  in  the  solution,  wrung  out 
and  dried  on  the  line  over  night.  In  addition,  he  has  devised  “  cover 
alls  ”  which  with  the  use  of  puttees  and  special  sleeves  prevent  the 
pests  gaining  access  to  the  ankles  and  wrists. 

Another  mite  attack  is  closely  associated  with  wheat  and  straw 
infested  by  joint  worm  or  grain  affected  by  the  angoumois  moth. 
The  mite,  Pediculoides  ventricosus  Newp.,  is 
microscopic  in  size  and  when  abundant  may  be  easily  detected  as 
a  yellowish  mealy  powder  dropping  from  the  infested  grain  or  straw. 
It  is  primarily  beneficial  in  that  it  preys  upon  two  important  grain 
pests  and  only  occasionally  troubles  man.  It  produces,  like  the 
chigger  mite,  a  dermatitis  which  may  be  diagnosed  as  rash  and 
attributed  to  a  number  of  causes  other  than  the  true  one.  This 
trouble  is  particularly  likely  to  follow  sleeping  upon  mattresses 
stuffed  with  infested  straw  or  the  handling  of  infested  grain,  and 
there  are  records  of  such  affections  following  the  unloading  of 
Egyptian  cotton  seed.  This  mite  has  also  been  associated  with 
epidemic  asthma. 

Treatment  for  scabies  usually  consists  in  softening  the  skin  by 
friction  with  soap  and  water,  followed  by  a  warm  bath  and  then 
applying  something  to  kill  the  mites,  such  as  the  official  sulphur 
ointment  of  the  United  States  pharmacopoeia.  In  the  case  of  a 
severe  infestation  it  may  be  necessary  to  repeat  the  treatment  three 
or  four  days  later  in  order  to  kill  the  mites  which  have  hatched  from 
eggs. 

Treatment  for  the  harvest  mites  or  chiggers  consists  of  prompt 
bathing,  if  exposure  is  suspected.  Applications  of  hot  water  con¬ 
taining  salt  or  strong  soap  are  advised  and  where  exposure  is  unavoid¬ 
able,  sulphur  rubbed  or  dusted  over  the  legs  and  ankles  is  most 
satisfactory.  Alkaline  solutions  counteract  the  acid  poison.  Cooling 
lotions  may  well  be  applied  locally  to  reduce  irritation. 
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MITES  AS  ENDOPARASITES 

There  are  records  of  different  species  of  mites  living  for  example 
in  the  intramuscular  and  subcutaneous  connective  tissues  of  fowls, 
in  their  air  sacs,  in  the  nasal  mucous  membrane  of  the  seal  and 
in  the  lung  of  a  species  of  Cynocephalus.  It  is  only  a  step  from 
this  to  infestation  of  man. 

Miyake  and  Scriba  recorded  in  1893  a  mite  in  the  urine  of  a 
Japanese  suffering  from  fibrinuria  complicated  with  chyluria  and 
haematuria.  It  was  obtained  in  urine  drawn  from  the  bladder, 
the  species  being  described  as  Nephrophages  sangui- 
n  a  r  i  u  s. 

Dr  W.  E.  Carnegie  Dickson  records  (1921,  p.  25)  two  cases  of 
mite  infestation  in  which  the  organism  was  found  in  urine  drawn 
from  the  bladder.  In  the  first  instance  the  mite  was  identified  as 
Tyroglyphus  farinae  DeG.,  a  species  common  in  flour, 
grain,  stored  foods  and  the  like,  and  the  second  was  determined  as 
a  species  of  Tarsonemus. 

There  appears  to  be  no  reasonable  question  as  to  the  three  species 
of  mites  actually  being  found  in  the  bladder  or  urinary  ducts.  The 
probabilities  are  that  all  the  infestations  were  casual  and  the  result 
of  abnormal  conditions  not  apparent  in  the  original  accounts. 

ROCKY  MOUNTAIN  FEVER  TICK 

This  tick,  Dermacentor  venustus  Banks,  is  rather 
generally  distributed  in  the  Pacific  Northwest,  although  cases  of 
spotted  fever  have  been  largely  restricted  to  Idaho,  western  Montana 
and  Wyoming,  and  eastern  Washington  and  Oregon.  The  disease 
is  caused  by  the  transmission  of  a  specific  infection,  the  tick  being 
the  carrier. 

The  seasonal  incidence  of  spotted  fever  occurs  almost  wholly 
in  the  spring  months  and  corresponds  to  the  period  of  activity  of 
the  ticks.  The  incubation  period  is  from  three  to  nine  days.  The 
onset  of  the  disease  is  usually  accompanied  by  a  chill,  and  from 
the  start  there  are  severe,  general  pains  referred  to  the  bones  and 
muscles,  back  and  joints.  Pains  in  the  calf  muscle  and  large  joints 
and  lumbar  region  of  the  back  are  most  prominent.  Headache 
is  common  and  usually  severe.  After  the  first  chill  the  temperature 
rises  fairly  rapidly  and  reaches  102 0  F.  to  104°  F.  the  second  dav. 
The  rash  usually  appears  on  the  third,  fourth  or  fifth  day  and  shows 
first  on  the  wrists,  ankles  and  back.  It  consists  at  first  of  rose- 
colored  macules  not  elevated,  1  to  4  or  5  mm  in  diameter  and  dis¬ 
appearing  upon  pressure.  The  spots  soon  become  deep  red  or 
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purplish  in  color.  Ticks  may  remain  infective  for  many  months, 
and  although  D.  venustus  appears  to  be  the  only  transmitter 
under  normal  conditions,  experiments  have  shown  that  others  may 
carry  the  infection. 

The  Rocky  mountain  tick,  a  reddish  brown  species  with  black 
and  silvery  lines,  has  a  number  of  mammalian  hosts.  The  ground 
squirrel  is  the  most  important  host  of  the  larva  and  nymph  and 
the  next  are  the  yellow-bellied  chipmunk  and  the  pine  squirrel. 
The  woodchuck,  snowshoe  rabbit,  wood  rat,  white-footed  mouse, 
meadow  mouse  and  side-striped  ground  squirrel  are  also  of  consider¬ 
able  importance.  In  eastern  Montana  the  jack  rabbit  is  considered 
the  most  important  wild  host  of  the  adult.  It  also  harbors  nymphs 
and  larvae,  and  is  the  only  animal  which  serves  as  a  host  for  all 
three  stages. 

Like  most  other  ticks,  this  species  has  four  distinct  stages,  the 
egg,  the  larva,  the  nymph  and  the  adult.  Fully  engorged  females, 
approximately  one-half  an  inch  long,  deposit  from  2000  to  4000 
eggs.  The  larvae  feed  for  three  to  eight  days  on  small  mammals, 
then  drop  and  seek  protected  places,  and  after  a  quiescent  period  of 
six  to  21  days  develop  into  eight-legged  nymphs.  These  may 
winter  either  unengorged  or  engorged.  They  also  feed  upon  small 
mammals  for  a  period  of  three  to  nine  days,  desert  the  host  and 
in  from  12  to  14  days  transform  to  adults.  These  feed  in  the 
spring  months  before  hot  weather  almost  wholly  on  large  animals, 
such  as  horses  and  cattle.  The  life  cycle  is  completed  in  from  two 
to  three  years.  The  adult  ticks  and  sometimes  the  nymphs  carry 
the  infection,  obtaining  it  from  native  hosts. 

It  is  quite  possible,  owing  to  the  long  period  of  infectivity,  for 
these  Rocky  mountain  spotted  fever  cases  to  appear  in  distant 
sections  of  the  United  States.  There  would  be  little  probability 
of  an  infection  of  local  mammals  and  the  establishment  of  another 
infected  area,  except  possibly  in  sections  where  ticks  were  unusually 
abundant,  as  for  example  west  of  the  Cascades  and  Sierras  in  Oregon 
and  California  where  the  Pacific  wood  tick,  D.  occidentalis, 
frequently  attacks  man.  Control  measures  consist  largely  in  reduc¬ 
ing  tick  infestation  and  destroying  native  hosts  so  far  as  may  be 
practicable. 

An  extended  account  of  the  disease  and  the  tick  carrying  it  appears 
in  the  Journal  of  Medical  Research,  41:  1-197,  November  1919. 

Several  other  species  of  ticks  are  known  carriers  of  disease.  The 
African  Ornithodorus  moubata  Murray,  very  common 
in  shaded  places  and  in  the  dirty,  thatched  houses  of  natives,  is  a 
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vector  of  relapsing  fever,  and  a  related  species,  0  .  s  a  v  i  g  n  y  i 
And.,  attacks  man,  camels  and  horses  and  is  regarded  as  the  carrier 
of  the  Indian  form  of  relapsing  fever.  The  Persian  0  .  tholo- 
zani  Lab.  and  Megn.  is  a  proved  carrier  of  African  relapsing 
fever  in  that  country,  and  0.  lahorhensis  is  probably  a 
carrier  of  the  same  disease.  The  Mexican  and  Central  American 
0  .  t  a  1  a  j  e  Guer.  is  the  transmitting  agent  of  relapsing  fever 
in  those  countries. 
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DISPERSAL  OF  INSECTS  BY  AIR  CURRENTS 

Since  success  in  the  widespread  efforts  to  control  the  dissemina¬ 
tion  of  injurious  insects  by  the  establishment  of  quarantine  regula¬ 
tions,  both  state  and  national,  depends  in  large  measure  upon  the 
possibility  of  preventing  the  spread  of  dangerous  species,  anything 
bearing  upon  the  problem  is  of  practical  importance. 

The  following  pages  are  devoted  to  a  critical  examination  of  the 
evidence  relating  to  the  part  winds  play  in  the  spread  of  insects, 
using  some  recently  gained  facts  concerning  air  currents  in  the  inter¬ 
pretation  of  available  data.  Although  much  of  the  entomological 
phases  has  been  known  for  years,  it  is  now  possible  to  apply  thereto 
later  knowledge  gained  in  aviation  and  in  pertinent  meteorological 
investigations,  together  with  recent  studies  made  in  connection 
with  gipsy  moth  control  work  conducted  by  the  New  York  State 
Conservation  Commission. 

METEOROLOGICAL  DATA 

Certain  facts  relative  to  air  currents  should  be  discussed  at  the 
outset,  since  they  have  an  important  bearing  upon  the  movements 
of  various  insects. 

General  or  Normal  Wind  Velocity 

It  should  be  kept  in  mind  that  the  velocity  of  winds  near  the  sur¬ 
face  of  the  earth  may  be  and  frequently  is  quite  different  from  that 
of  upper  air  currents.  The  balloon  work  of  the  New  York  State 
Conservation  Commission  indicated  an  average  velocity  for  balloons 
recovered  within  24  hours  of  the  time  of  liberation  in  1923  of  a 
little  less  than  18  miles  an  hour,  the  averages  for  various  stations 
ranging  from  14  to  27  miles  an  hour,  while  one  balloon  cover 
65  miles  in  an  hour  and  another  the  same  distance  at  the  rate  of 
100  miles  an  hour.  The  longest  drift  in  1923  was  nearly  400  miles, 
seven  balloons  covering  from  no  to  145  miles.  In  1924  the  maxi¬ 
mum  was  nearly  775  miles.  Meteorologists  inform  us  that  upper 
air  currents  may  attain  a  velocity  of  100  or  even  200  miles  an  hour. 
It  is  easy  to  see  from  the  above  that  insects  remaining  in  the  air 
for  some  hours  could  easily  be  transported  considerable  distances, 
particularly  as  some  of  the  high  velocities  as  compared  with  surface 
standards  are  not  necessarily  accompanied  by  marked  turbulence. 

The  effects  of  winds  were  recognized  early  by  Humboldt  (1850, 
p.  232).  He  states  that  small  singing  birds  and  even  butterflies 
are  often  met  with  at  great  distances  from  shore,  during  storms 
blowing  off  land.  He  adds  that  insects  are  involuntarily  carried  by 
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vertical  ascending  currents  into  the  higher  regions  of  the  atmosphere 
to  elevations  of  17,000  to  19,000  feet  above  the  plains  and  states 
that  Don  Mariano  de  Rivero  observed  minute  balls  of  grass-haums, 
a  species  of  Vilfa,  carried  from  the  valley  of  Caracas  to  the  summit 
of  the  Silla,  an  elevation  of  5755  feet,  the  numerous  drifting  masses 
being  at  first  mistaken  for  a  flock  of  small  birds.  He  also  records 
the  common  occurrence  of  insects  on  high  mountains  at  elevations 
of  16,000  to  19,000  feet. 

Professor  T.  Bainbrigge  Fletcher,  imperial  entomologist,  India, 
from  faunal  studies  in  that  section  of  the  world,  holds  that  upper 
air  currents  are  important  factors  in  the  distribution  of  insects. 

The  recent  gliding  records  of  Europe  are  worthy  of  notice.  If 
man,  an  animal  without  an  inherited  provision  for  flight,  can  remain 
in  the  air  for  upwards  of  14  hours,  drift  for  about  50  miles,  and  rise 
to  an  elevation  of  nearly  1800  feet;  should  we  not  expect  as  much 
from  species  nature  has  endowed  with  wings?  Soaring  is  well  known 
among  birds  and  is  certainly  practised  to  some  extent  by  insects. 
One  objection  possibly  is  the  fact  that  many  insects  do  not  venture 
from  shelter  during  windy  periods.  This  plainly  applies  to  observa¬ 
tions  made  near  the  surface  and  may  be  true  to  a  much  less  extent 
at  some  elevation.  The  gradual  rise  of  many  of  our  balloons,  even 
when  they  ascended  to  considerable  heights,  was  somewhat  gentle 
and  not  suggestive  of  turbulence. 

The  crepuscular  species  are  less  likely  to  be  carried  by  the  winds, 
though  this  presumably  occurs  rather  commonly  with  certain  species, 
notably  the  cotton  moth,  Alabama  argillacea  Hubn. 
Here  we  have  an  insect  breeding  in  immense  numbers  and  com¬ 
pleting  its  transformations  within  so  short  a  time  that  defoliated 
cotton  fields  would  presumably  be  so  nearly  bare  at  the  time  the 
moths  emerge  as  to  produce  convectional  currents  which  would 
carry  the  insects  into  the  upper  air  and  thus  make  distribution  by 
the  winds  relatively  easy.  In  the  case  of  this  group  it  is  presumably 
necessary  not  only  that  there  be  enormous  numbers  of  the  insects 
but  also  defoliation  or  near  defoliation  of  somewhat  sizable  areas 
in  order  that  favorable  upward  air  currents  may  be  induced. 

The  strictly  nocturnal  insects  would  ordinarily  fly  at  such  times 
and  under  such  conditions  that  winds  would  not  be  particularly 
helpful  in  distributing  them.  Whether  this  be  simply  a  coincidence 
or  not,  it  is  a  fact  that  extended  wind  distribution  of  nocturnals 
appears  to  be  comparatively  rare. 

The  somewhat  common  occurrence  of  lowland  species  upon 
mountain  tops  is  discussed  by  Tutt  (1901)  in  some  detail.  He  states 
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that  lowland  beetles  are  carried  up  by  ascending  currents  of  air, 
and  adds  that  some  of  the  most  sedentary  beetles  during  their 
flight  periods  often  rise  to  high  altitudes  and  from  thence  may  be 
carried  to  very  high  altitudes  by  vertical  currents,  positions  which 
would  permit  drifting  or  flight  for  immense  distances. 

Professor  E.  B.  Poulton  (1904,  p.  xxiv— xxv)  suggests  that  the 
presence  of  hosts  of  insects  occasionally  observed  on  mountains 
may  be  due  to  an  instinctive  gathering  at  such  places,  a  habit 
which  would  facilitate  pairing,  referring  in  connection  therewith  to 
the  well-known  flights  of  certain  ants.  There  are  undoubtedly 
mating  activities  at  these  elevations  during  periods  when  tempera¬ 
ture  conditions  permit.  It  would  seem  that  these  are  largely  inci¬ 
dental,  that  they  would  occur  anywhere  there  were  swarms  of  insects 
and  that  the  real  explanation  is  a  physical  one,  somewhat  as  out¬ 
lined  above. 

G.  V.  Hudson  (1905,  p.  334—36)  presents  data  from  New  Zealand 
and  is  inclined  to  agree  with  the  solution  offered  by  Professor  Poulton. 

Winds  of  High  Velocities  or  Gales 

There  are  some  records  of  insects,  notably  the  blue  page  moth 
mentioned  elsewhere,  and  birds  being  carried  far  from  their  normal 
courses  by  wind  storms.  These  occur  from  time  to  time  in  various 
parts  of  the  earth  and  are  presumably  of  somewhat  minor  import¬ 
ance,  as  will  be  suggested  later,  in  the  transportation  of  insects. 

Direction  of  Prevailing  Winds 

Recent  meteorological  observations  in  the  United  States  have 
shown  strong  westerly  components  in  the  upper  air  currents,  these 
being  well  marked  in  the  case  of  a  series  of  balloons  liberated  several 
years  ago  west  of  the  Mississippi  river  and  recovered  in  widely 
separated  localities  in  the  central  and  eastern  United  States.  These 
balloons  were  released  to  gain  information  respecting  the  upper  air 
currents.  Nearly  20,000  toy  balloons,  released  under  the  direction 
of  the  New  York  State  Conservation  Commission,  were  inflated  for 
a  minimum  buoyancy  for  the  purpose  of  obtaining  information 
respecting  the  lower  air  currents,  since  it  is  believed  that  these  latter 
were  the  more  important  in  carrying  young  caterpillars  of  the  gipsy 
moth,  Porthetria  dispar  Linn.  This  work  was  continued 
during  the  occurrence  of  young  gipsy  moth  caterpillars  for  three 
seasons  and  demonstrated,  as  in  the  case  of  the  earlier  work  with 
larger  balloons,  a  general  prevalence  of  westerly  winds.  In  the 
case  of  western  New  England  and  eastern  New  York  there  were 
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strong  northerly  and  southerly  components  along  the  Berkshires 
and  the  Green  Mountains. 

Checking  these  balloon  records  with  meteorological  records  from 
a  number  of  adjacent  federal  stations  and  also  a  series  of  temporary 
weather  stations,  showed  substantial  agreement  between  the  data 
obtained  in  these  various  ways. 

The  work  with  toy  balloons  showed  that  even  with  a  low  buoyancy 
it  was  not  uncommon  for  a  balloon  to  drift  some  distance  at  a  low 
elevation  and  then  rise,  usually  rather  gently,  to  a  height  of  several 
hundred  feet,  possibly  1000  feet  or  more,  this  increase  in  elevation 
being  due  in  most  cases  to  upward  convectional  currents  produced 
by  a  heated  land  surface  or  the  sunny  slope  of  a  range  of  hills. 

Convection  and  Other  Upward  Air  Currents 

It  is  well  known  that  warm  currents  rise  from  heated  surfaces, 
but  the  extent  of  these  movements  does  not  seem  to  have  been  fully 
realized  prior  to  the  advent  of  the  airplane.  It  is  now  well  recog¬ 
nized  that  such  comparatively  insignificant  features  in  the  landscape 
as  state  roads  produce  convection  currents  which  may  be  distinctly 
felt  1000  feet  above  the  surface.  Convectional  currents  in  the 
warmer  parts  of  the  earth  may  easily  attain  15,000  feet. 

There  are  always  strong  updrafts  in  mountainous  regions,  even  if 
these  are  not  accentuated  by  heat  from  the  sun.  It  is  pointed  out 
by  Clark  (1925,  p.  111)  that  waves  are  rows  of  little  hills  and  that 
the  wind  on  striking  these  is  deflected  up  with  considerable  force. 
He  adds  that  soaring  and  gliding  birds  take  advantage  of  these 
upward  currents  and  are  restricted  largely  to  the  mountains  and 
the  ocean.  He  even  calls  attention  to  the  supporting  effect  of  the 
air  behind  a  moving  steamer,  the  upcurrent  being  sufficiently  strong 
to  support  almost  motionless  albatrosses.  If  these  winds  will 
support  birds,  insects  with  their  relatively  greater  wing  expanse 
would  be  lifted  even  more  readily  and  it  is  believed  that  these 
upward  currents  are  important  in  promoting  the  distribution  of 
insects,  since  they  serve  as  elevators,  as  it  were,  and  carry  many 
species  into  the  upper  air  where  horizontal  winds  of  high  velocity 
are  common  or  to  the  summits  of  high  mountains  where  they  are 
dropped  in  large  numbers  in  areas  of  comparative  calm,  as  for 
example  on  glaciers  or  even,  as  recently  recorded,  in  such  an  unlikely 
place  as  the  crater  of  Vesuvius.  The  height  of  these  upward  currents 
is  indicated  by  the  fact  that  aviators  find  bumpy  conditions  up  to 
3000  or  4500  feet,  approximately  the  lower  cloud  level,  while  hori¬ 
zontal  currents  prevail  at  greater  elevations  and  flying  is  relatively 
smooth. 
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The  Physical  Effects  of  Streams,  Lakes,  Oceans  and  Mountain 

Tops 

These  natural  features  produce  changes  in  temperature,  usually 
a  lowering,  consequently  there  are  frequently  descending  currents 
caused  by  the  cooler  air  seeking  its  level  over  water  surfaces  or  coming 
nearer  to  the  surface  on  hills  and  mountains.  These  influences, 
sometimes  almost  imperceptible,  tend  to  bring  anything  floating 
or  drifting  in  the  air  nearer  to  the  surface  of  the  earth.  They  explain 
to  a  considerable  degree  the  dropping  of  many  insects  into  streams, 
even  relatively  small  ones,  and  the  somewhat  high  proportion  of 
balloons  returned  from  localities  along  the  New  England  coast  and 
the  New  Brunswick  and  Nova  Scotia  littoral. 

It  is  well  known  that  winds  tend  to  follow  valleys  and  that  in 
the  Connecticut  and  Hudson  river  valleys,  for  instance,  there  are 
decided  north  and  south  winds.  These  conditions  exercise  a  marked 
influence  upon  the  dissemination  of  insects  in  such  areas. 

Dispersive  Effects 

It  is  well  known  that  winds  are  frequently  extremely  variable. 
The  extent  of  this  is  indicated  somewhat  by  the  balloon  work  of 
1923,  only  25  per  cent  of  the  balloons  recovered  being  returned 
from  points  lying  in  approximately  the  same  direction  as  the  original 
drift.  This  variability  is  of  considerable  importance  in  the  case  of 
distribution  from  somewhat  restricted  areas  and  may  easily  explain 
the  appearance  of  individuals  hundreds  of  miles  from  the  nearest 
breeding  area  and  also  the  relatively  slow  spread  of  certain  forms 
carried  by  the  winds,  since  the  dispersion  might  in  most  cases  insure 
such  a  scattering  as  to  make  it  impossible  for  the  species  to  establish 
itself,  except  under  extremely  favorable  conditions. 

Thunder  Storms  or  Unusual  Atmospheric  Disturbances 

Birds  are  sensitive  to  atmospheric  disturbances  accompanying 
storms  and  many  observations  indicate  reactions  of  the  same  nature 
among  insects.  Many  insects  are  driven  to  cover  by  cloud  and 
storm,  this  being  particularly  true  of  butterflies.  The  tendency 
to  seek  shelter  in  the  face  of  a  storm  is  illustrated  by  Gatke’s  account 
of  the  behavior  of  dragon  flies  in  Heligoland.  There  are  also  records 
of  certain  moths  and  aphids  apparently  allowing  themselves  to  be 
swept  up  into  the  air  by  the  air  currents  preceding  the  outbreak 
of  a  storm. 
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Barometric  Pressure 

Several  records  of  notable  invasions  by  migratory  grasshoppers  or 
locusts  are  reviewed  by  Professor  C.  B.  Williams  (1923,  p.  222-24) 
and  the  probabilities  of  the  movement  of  these  insects  being  affected 
by  barometric  pressure  are  given  careful  consideration.  Since 
winds  blow  toward  lows,  a  lowering  of  the  barometer  would  be 
favorable  for  the  drifting  of  insects  toward  the  center.  It  hardly 
seems  as  though  changes  in  pressure  alone  would  have  a  determining 
influence  upon  the  movement  of  insects,  although  it  can  be  easily 
understood  how  the  conditions  near  the  center  of  a  storm  area  would 
very  likely  have  a  profound  influence  upon  insect  life,  as  well  as 
upon  larger  animals. 

Temperatures 

The  effect  of  temperatures  upon  insects  in  the  air  deserves  serious 
consideration.  It  is  well  known  that  coolness  causes  inactivity 
among  most  insects  and  it  is  more  than  probable  that  the  marked 
chill  of  winds  sweeping  over  moderate  to  high  elevations,  especially 
the  latter  and  over  glaciers,  is  responsible  in  large  measure  for  the 
enormous  collections  of  insects  so  frequently  observed  on  mountain 
tops  and  glaciers.  There  are  records  of  Rocky  mountain  locusts 
being  shattered  by  dropping  swiftly  from  high  moving  swarms, 
quite  possibly  the  result  of  the  chilling  inevitable  at  some  height  in 
the  shadow  of  even  a  small  cloud  or  from  coming  in  contact  with  a 
cool  strata  of  air.  The  collections  of  insects  along  the  shores  of 
lakes  and  the  somewhat  large  proportion  of  balloons  recovered  along 
the  margins  of  streams,  lakes  and  the  ocean  may  be  attributed  in 
considerable  part  at  least  to  the  falling  air  currents  induced  by  the 
lower  temperatures  so  common  over  water. 

INSECT  POPULATION  OF  THE  AIR 

The  fact  that  a  very  large  proportion  of  the  species  of  insects  are 
provided  with  wings  is  indubitable  evidence  of  adaptation  to  aerial 
existence,  and  it  therefore  follows  that  we  should  expect  a  certain 
aerial  population.  This  presumably  varies  widely  from  different 
causes.  In  the  temperate  zone  it  rises  to  a  maximum  in  the  warmer 
midsummer  months  and  drops  to  a  minimum,  in  fact  practically  to 
nothing,  in  midwinter.  There  are  also  marked  differences  in  the 
insect  aerial  population  in  the  spring  or  fall  as  compared  with  the 
summer. 

The  evidence  of  a  definite  aerial  population  is  suggested  by  the 
following:  There  are  a  number  of  records  of  insects  appearing  in 
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abundance  upon  vessels  miles  and  in  some  cases  many  miles  from 
land  and  also  of  their  occurring  rather  commonly  at  lights  distant 
from  land,  such  as  isolated  lightships  or  lighthouses.  Professor 
Wood- Jones  is  of  the  opinion  that  both  dragon  flies  and  moths  fly 
away  from  land  in  an  irresponsible  way  and  he  has  observed  moths 
coming  nightly  to  a  ship’s  light  when  she  was  lying  20  miles  from 
shore.  The  observations  of  Commander  Walker  in  relation  to  the 
occurrence  of  the  monarch  butterfly  somewhat  commonly  in  the 
South  Pacific  and  miles  from  land,  also  support  this  interpretation. 
The  occasional  finding  of  immense  numbers  of  insects  in  the  drift 
along  a  lake  or  ocean  beach  is  another  indication  of  an  aerial  popula¬ 
tion,  unless  we  assume  that  these  occurrences  can  be  accounted  for 
only  by  the  insects  being  swept  out  over  the  water  by  violent  storms, 
an  explanation  which  would  not  apply  to  many  of  the  appearances 
of  insects  at  vessels  and  lights  distant  from  land.  The  same 
irresponsible  drifting  is  indicated  by  the  appearance  of  insects  in 
deserts  miles  from  any  suitable  habitat  (Williams,  1926,  p.  282). 

The  height  or  depth  of  this  aerial  insect  population  is  indicated 
by  the  finding  of  mosquitoes  and  other  insects  at  an  elevation  of 
3000  feet  or  more  above  the  surface.  Granting  that  the  records 
of  insects  at  such  heights  above  the  surface  indicate  a  condition 
more  general  than  has  heretofore  been  realized,  it  is  comparatively 
easy  to  see  how  a  sudden  drop  in  temperature  in  the  upper  air, 
caused  possibly  by  a  cool  current  dropping  nearer  to  the  surface  of 
the  earth,  might  easily  result  in  forcing  the  insects  somewhat  sparsely 
distributed  through  a  layer  of  air  of  500  to  3000  feet  in  depth  down 
to  a  layer  with  a  depth  of  less  than  50  feet,  the  insects  presumably 
continuing  their  flight  in  the  same  general  direction  as  when  occupy¬ 
ing  the  deeper  layer.  Such  a  concentration  could  easily  produce 
conditions  which  to  the  observer  on  the  surface  of  the  earth  would 
suggest  a  marked  and  determinate  migration,  and  these  conditions 
would  most  likely  occur  in  the  spring  and  the  fall  with  the  normally, 
somewhat  rapid  fluctuations  from  cool  to  warm  and  vice  versa. 
With  the  preceding  in  mind,  it  is  not  even  necessary  to  assume 
that  the  large  swarms  of  monarch  butterflies  so  frequently  seen 
in  the  fall  are  necessarily  migrating  south.  They  may  have  been 
driven  from  the  upper  air  by  cool  winds  and  the  general  trend  would 
naturally  be  south  rather  than  north  in  that  season  of  the  year, 
because  that  is  the  direction  toward  warmth  and  comfort.  The  move¬ 
ment,  as  suggested  elsewhere,  may  be  simply  a  modification  of  a 
swarming  instinct  prior  to  hibernation. 
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It  is  well  known  that  the  number  of  insects  in  the  air  varies  greatly 
in  different  parts  of  the  day.  It  may  not  be  so  generally  recognized 
that  the  daily  periodicity  of  flight,  diurnal,  crepuscular  and  nocturnal, 
may  have  a  very  material  bearing  upon  the  probabilities  of  wind 
dissemination.  It  is  presumable  that  effective  widespread  distribu¬ 
tion  can  occur  only  when  insects  are  found  in  immense  numbers 
under  conditions  which  would  facilitate  their  being  carried  by  the 
air  currents  somewhat  above  the  surface  of  the  earth,  a  distance  of 
500  feet  or  more.  Species  which  develop  in  immense  numbers  on 
restricted  areas  and  fly  at  a  time  when  convectional  currents  are 
likely  to  occur,  are  more  likely  to  be  carried  by  winds,  provided  there 
are  no  instinctive  or  other  limitations  which  either  lead  them  to 
keep  near  the  surface  of  the  earth  or  else  prevent  their  being  carried 
to  some  heights. 

The  possibilities  of  collecting  at  from  40  to  200  feet  above  the 
surface  of  the  earth  are  suggested  by  Dr  H.  B.  Weiss  (1927)  in  the 
lists  of  species  captured  in  the  lookout  stations  of  the  New  Jersey 
Forest  Fire  Service. 

ALTITUDES  REACHED  BY  INSECTS  AND  PLANT  SPORES 

Allusion  has  been  made  to  the  fact  that  it  would  be  comparatively 
easy  for  insects  with  the  aid  of  convectional  currents  to  attain 
considerable  heights.  Professor  Stanley  B.  Freeborn  of  California 
informs  us  in  a  recent  communication  that  he  met  swarms  of  a 
mosquito,  Aedes  dorsalis  Meign.,  at  an  elevation  of  about 
3000  feet  in  the  Central  Sacramento  valley  in  1919.  Stewart  Lock- 
wood  states  in  a  recent  letter  that  Melanoplus  atlanis  Say 
was  observed  by  C.  L.  Corkins  in  North  Dakota  at  an  elevation  of  2000 
feet,  although  the  bulk  of  the  grasshoppers  were  several  hundred 
feet  lower.  A  note  in  the  April  1925  issue  of  the  Journal  of  Economic 
Entomology,  page  437,  records  honey  bees  flying  around  a  balloon 
and  feeding  on  chocolate  at  an  elevation  of  900  meters,  though  at 
2000  meters,  they  were  unable  to  fly,  possibly  and  perhaps  mostly 
on  account  of  the  low  temperature.  These  records  leave  no  doubt 
that  under  certain  conditions  bees,  mosquitoes,  grasshoppers  and 
other  insects  may  attain  considerable  elevations  in  the  air.  This 
is  very  different  from  finding  insects  on  high  mountains. 

A  consideration  of  the  preceding  data  led  the  writer  to  believe 
that  collecting  in  the  upper  air  was  possible.  Through  the  interest 
of  United  States  Senator  James  W.  Wadsworth  and  the  hearty 
cooperation  of  Colonel  B.  D.  Foulois,  commanding  officer,  Mitchell 
Field,  and  his  associates,  an  airplane  trap  with  a  sectional  area  of 
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some  8  by  io  inches  was  devised,  attached  to  the  lower  wings  of  a 
J.  N.  plane  and  so  arranged  that  glass  slides  smeared  with  tree 
tanglefoot  could  be  exposed  at  given  altitudes  and  for  a  definite 
time.'H  Below  is  given  a  record  of  captures.  There  were  a  number 
of  other  flights  without  taking  insects. 

Insect  Captures  in  a  Trap  on  an  Airplane 

Date .  August  30,  1926 -  August  31,  1926 _  September  4,  1926 

Pilot .  Cadet  Dixon  Allison.  . . .  Cadet  Dixon  Allison 

Observer .  Private  M  cCabe . 

Type  of  plane. . .  J.  N .  J.  N .  J.  N. 

Wind  direction . .  West .  N.  W .  N.  N.  E. 

Wind  velocity. .  .  3000  ft,  38  m.p.h.  .  .  1000  ft,  22  m.p.h.  .  .  1000  ft,  22  m.p.h. 

Wind  velocity, 

ground .  15  m.p.h . . .  16  m.p.h. 

Temperature. . . .  3000  ft,  66°  F .  3000  ft,  62°  F .  1000  ft,  64°  F. 

Temperature 

ground .  8o°  F .  84°  F .  70°  F. 

Course  flown. . . .  Long  Beach-Oyster  Long  Beach-Oyster  Freeport-Port 
Bay  Bay  Washington 

Insects  captured.  1  Mesogramma,  3000  1  Hylemyia  cilicrura  1  Chrysotus  1000  ft 
ft  3000  ft 

Time  captured.  .  10.02-10.20  a.m. . . .  10.52-11.02  a.m. .  .  .  9.20-9.32  a.m. 

It  is  interesting  to  note  that  all  of  the  specimens  taken  were  small 
and  it  should  also  be  observed  that  the  collecting  surface  in  com¬ 
parison  with  the  extent  of  the  atmosphere  was  extremely  small. 
Dr  J.  M.  Aldrich  of  the  United  States  National  Museum,  who  kindly 
identified  the  species  expressed  much  doubt  as  to  the  Chrysotus 
ever  occurring  at  a  great  height  in  the  air.  He  adds  that  all  the 
species  of  this  genus  are  found  close  to  the  ground  and  close  to  shade 
although  they  like  to  come  out  and  rest  on  foliage  in  the  sun  from 
time  to  time.  It  seems  incredible  to  him  that  they  ever  occur  in 
nature  more  than  ten  feet  above  the  ground.  The  construction  of 
the  trap  and  its  location  on  the  plane  is  such  that  it  seems  impossible 
that  this  fly  could  have  been  taken  up  with  the  machine.  This  is 
perhaps  one  of  the  many  surprises  likely  to  develop  with  further 
exploration  of  the  upper  air. 

More  recently  there  has  come  to  hand  a  record  of  a  wasp  impinging 
upon  the  wind  shield  of  an  air  liner  at  6000  feet  and  of  numerous 
small  insects  at  4000  feet. 

The  record  of  plant  disease  spores  (Stackman,  1923,  p.  599) 
occurring  abundantly  at  an  elevation  of  11,000  feet,  represents  an 
extreme.  It  should  be  borne  in  mind  that  spores  drift  in  the  air. 
They  certainly  possess  no  powers  of  flight. 
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Professor  F.  V.  Theobald  of  the  Southeastern  Agricultural  College, 
Wye,  Kent,  England,  in  a  letter  dated  February  2,  1927,  states  that 
during  the  World  War,  at  his  suggestion,  a  number  of  aphids, 
Aphis  rumicis  and  Anuraphis  helichrysi  were  cap¬ 
tured  with  sticky  fly-paper  on  an  airplane  at  an  elevation  between 
1000  and  1600  feet,  he  having  previously  to  this  observed  aphids 
sticking  to  parts  of  airplanes  after  a  flight. 

BALLOONING  SPIDERS 

Turning  to  Arthropods,  McCook  states  that  ballooning  spiders 
have  been  found  more  than  200  miles  from  land  and  at  elevations  of 
more  than  1000  feet.  He  has  concluded  from  a  study  of  distribution 
in  the  tropical  regions  that  these  spiders  may  have  actually  circum¬ 
navigated  the  globe  on  the  wings  of  the  wind.  The  known  distribu¬ 
tion  of  small  flies  in  tropical  areas  likewise  suggests  that  winds  may 
have  played  an  important  part  in  carrying  these  minute,  fragile 
insects. 

BUOYANCY 

It  is  evident  that  the  duration  of  a  drifting  period  is  closely 
related  to  buoyancy.  This  applies  not  only  to  particles  of  dust,  to 
small  seeds  and  spores,  but  also  to  insects.  A  brief  survey  of  the 
situation  is  sufficient  to  show  that  most  of  the  insects  drifting  long 
distances  in  the  air  have  a  relatively  high  buoyancy.  This  is  illus¬ 
trated  by  a  number  of  the  larger  butterflies,  certain  fragile  Geo- 
metrid  moths  and  the  dragon  flies.  It  will  be  noted  in  this  connection 
that  there  are  comparatively  few  records  of  the  larger,  heavy-bodied 
moths,  such  as  the  Bombycids  and  the  Sphingids,  being  carried  long 
distances,  although  the  latter  are  strong  flyers  and  occasionally  turn 
up  in  unexpected  places.  The  spread  of  the  heavier  armored  insects, 
such  as  beetles,  by  the  agency  of  winds  is  usually  by  relatively  short 
stages,  as  in  the  case  of  the  Colorado  potato  beetle  and  the  cotton 
boll  weevil,  yet  some  of  these  insects  are  rather  strong  flyers  and  it 
is  probably  this  factor  which  explains  in  considerable  measure  the 
notable  collections  of  lady  beetles  or  Coccinellids  on  mountain  tops. 
The  relative  importance  of  buoyancy  in  this  connection  is  suggested 
by  the  fact  that  very  weak  or  minute  forms,  such  as  plume  moths, 
midges  and  thrips,  are  known  to  drift  long  distances  and  here  at 
least  it  would  seem  that  air  currents  rather  than  the  efforts  of  the 
insects  themselves  were  the  principal  transporting  agencies. 

It  is  stated  by  Clark  (1925,  p.  105)  that  the  larger  the 
animal  the  smaller  in  proportion  are  the  wings.  He  adds  that  in 
the  mosquito  for  each  pound  of  body  weight  there  is  a  wing  area  of 
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4  square  yards,  6  square  feet  and  105  square  inches,  whereas  in  a 
butterfly  of  average  size  each  pound  of  body  weight  represents  a 
wing  area  of  3  square  yards,  8  square  feet  and  87  square  inches. 
In  the  swallow  this  is  reduced  to  only  4  square  feet  and  18  square 
inches  and  in  the  pigeon  to  1  square  foot  and  14  square  inches.  He 
adds  that  not  only  do  small  birds  have  proportionately  larger  wings 
than  bigger  ones  but  they  move  them  much  more  rapidly.  He  states 
that  the  wing  beats  of  the  common  cabbage  butterfly  are  at  the  rate 
of  540  strokes  a  minute,  of  Sphingid  moths  at  the  rate  of  4320,  of  a 
wasp  at  the  rate  of  6600,  of  a  honeybee  at  the  rate  of  11,400,  of  a 
housefly  at  the  rate  of  19,800.  These  figures  may  be  true  of  the 
wing  movement  in  purposive  flight.  It  would  seem  reasonable, 
however,  that  buoyancy  is  proportional  to  the  relative  size  of  the 
wings,  and  if  this  be  the  case,  insects  should  possess  superior  drifting 
powers  and  be  more  readily  lifted  to  considerable  heights  by  upward 
air  currents. 

VELOCITY  OF  INSECT  FLIGHT 
Investigations  by  Dr  R.  J.  Tillyard  showed  that  one  of  the  larger 
dragon  flies  covered  between  80  and  90  yards  in  three  seconds,  a 
rate  of  approximately  60  miles  an  hour  (Clark,  1925,  p.  122).  The 
deer  bot  fly,  Cephenomyia  phobifer  Clark,  is  said  to 
fly  with  incredible  swiftness,  possibly  400  yards  a  second  (Townsend 
1926,  p.  309;  1917,  p.  101).  Observations  by  Professor  H.  T.  Fer- 
nald  (1925,  p,  638),  indicate  a  velocity  of  30  miles  an  hour  for  a 
dragon  fly.  Similar  observations  by  Dr  A.  N.  Caudell  show  a  speed 
of  1 5  miles  per  hour  for  a  grasshopper,  Camnula  pellucida 
Scudd.  One  should  distinguish  clearly  between  the  flight  powers 
of  the  insect  and  flight  plus  wind  drift,  the  latter  representing 
usually  the  rate  of  travel  by  a  swarm. 

INSECTS  AT  SEA 

There  are  many  records  of  larger  insects  appearing  upon  vessels 
at  some  distance  from  land  and  in  not  a  few  instances  there  are 
numbers  of  several  species.  A  few  of  the  more  significant  are  given 
below. 

The  observations  of  F.  Wood-Jones  (1912,  p.  308-9),  indicate  that 
dragon  flies  go  to  sea  of  their  own  accord  and  that  they  are 
not  blown  from  shore.  He  states  that  in  periods  of  absolute 
calm  of  long  duration,  Pan  tala  flavescens  may  be  seen 
hawking  about  over  the  sea  20  miles  or  more  from  the  nearest  land. 
This  is  entirely  credible  when  it  is  recalled  that  dragon  flies  have 
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been  known  to  approximate  the  speed  of  60  miles  an  hour.  Further¬ 
more,  he  has  observed  numbers  of  this  species  almost  daily  in  a 
journey  through  dead  calms  all  the  way  from  Singapore  to  Thursday 
island.  He  has  seen  them  also  at  almost  every  point  between  Java 
Head  and  Cocos-Keeling  islands,  flying  over  the  sea  and  giving  no 
impression  of  being  unfortunate  storm-driven  exiles.  He  adds  that 
strong  flying  butterflies  do  the  same,  flying  away  from  the  land  in 
an  irresponsible  way  and  that  moths  come  nightly  to  a  ship’s  light 
when  she  is  lying  20  miles  from  shore.  These  statements  agree 
closely  with  those  of  Commander  Walker  given  elsewhere  in  relation 
to  the  monarch  butterfly  occurring  somewhat  commonly  in  the 
watery  expanses  of  the  South  Pacific.  There  are  records  of  several 
species  of  terrestrial  insects  alighting  upon  the  surface  of  the  water 
and  again  taking  wing. 

The  widespread  nature  of  insect  flight  or  drift  is  also  evidenced 
by  Professor  Wood- Jones  (1912,  p.  310)  when  he  records  the  appear¬ 
ance  on  the  Cocos-Keeling  islands  of  the  larvae  of  P 1  u  s  i  a 
chalyctes  Esp.,  on  the  first  crop  of  tomatoes  and  peas  raised 
from  seed  in  that  out-of-the-way  part  of  the  world,  and  this  on 
islands  where  no  specimens  of  the  insect  had  been  seen  before,  and 
yet  infestation  followed  very  shortly  after  a  suitable  foodplant 
appeared.  A  close  parallel  to  this  is  found  in  the  appearance  of  a 
caterpillar,  a  species  of  Copitarsia,  a  Noctuid,  on  a  small  patch  of 
corn  shortly  after  it  was  planted  in  the  northern  part  of  the  desert 
of  Atacoma,  Chili,  in  a  locality  where  there  was  no  vegetation  nearer 
than  50  miles,  though  it  subsequently  developed  that  corn  was 
grown  on  an  irrigated  area  some  60  miles  distant. 

The  especially  interested  reader  may  wish  to  refer  to  Muller 
(1871,  p.  175-86)  and  to  Hurd  (1920,  p.  94-98). 

The  Cocos-Keeling  islands,  mere  bits  of  land  in  the  Indian  ocean, 
isolated  by  nearly  1000  miles  of  water,  are  off  the  usual  trade  routes 
and  have  very  limited  commercial  activities.  The  fauna  and  flora 
therefore  owe  their  origin  largely  to  natural  causes.  It  is  interesting 
to  note  that  Darwin  in  the  early  part  of  the  last  century  (1882, 
p.  456)  found  13  species  of  insects  on  this  island,  a  minute  elater, 
one  Gryllus,  a  Blatta,  a  Hemipteron,  two  Homoptera,  a  Chrysopa, 
two  ants,  two  Lepidoptera  and  two  species  of  Diptera.  The  presence 
of  such  weak  flying  forms  as  Chrysopa  and  Pterophorus,  both  species 
unlikely  to  be  carried  by  commercial  agencies,  is  suggestive  as  to 
drifting  possibilities. 

Later  Henry  O.  Forbes  (1885,  p.  30-31)  observed  a  number  of 
insects  on  these  islands,  mentioning  in  particular  species  of  the 
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genera  Serica  and  Anomala  and  stating  that  after  a  cyclone  the 
surface  of  the  water  was  observed  densely  strewn  with  the  broken 
bodies  of  dragon  flies.  He  also  states  that  the  large  atlas  moth, 
Attacus  atlas,  has  become  established  in  the  islands. 

More  recently  Professor  Wood-Jones  (1912,  p.  312)  records  from 
these  islands  33  species  of  Lepidoptera,  32  Hymenoptera  and  11 
species  of  Diptera,  indicating  these  as  presumably  mostly  wind- 
borne.  Furthermore  (p.  204-5)  he  observed  the  rather  common 
appearance  of  dragon  flies  following  northerly  winds  even  of  short 
duration  and  stated  that  these  insects  were  unable  to  establish 
themselves  upon  the  islands  because  of  the  scarcity  of  fresh  water. 
Reference  to  a  map  of  that  part  of  the  world  suggests  that  Suma¬ 
tra  and  the  numerous  islands  surrounding  it  may  be  the  breeding 
area  for  these  dragon  flies. 

The  appearance  in  the  mid-Pacific  on  April  29th  of  a  Noctuid 
moth,  Achaea  melicerta  Cram.,  on  board  the  “  St  George,” 
as  recorded  by  Mr  Collenette  (1925),  in  latitude  310,  20  min.  S., 
longitude  120°  29  min.  W.  and  450  miles  from  the  nearest  land 
(Ducie  island),  Henderson  island  being  525  miles  and  Pitcairn 
island  570  miles  away,  certainly  indicates  widespread  wandering. 
The  specimen  was  in  good  condition.  This  insect  is  recorded  as 
having  a  very  wide  range  throughout  the  eastern  tropics,  extending 
from  the  Persian  gulf  to  the  Marquesas,  the  larvae  feeding  on  the 
castor  oil  plant. 

A  mourning-cloak,  Euvanessa  antiopa  Linn. ,  was  ob¬ 
served  by  Scudder  20  or  30  miles  off  the  coast  of  North  Carolina. 
Large  swarms  of  the  cabbage  butterfly,  Pieris  rapae  Linn., 
have  been  observed  in  the  Baltic  sea,  some  10  to  30  miles  from 
land,  and  individual  specimens  have  been  taken  on  an  Atlantic 
steamer  when  more  than  1000  miles  from  land.  A  number  of  other 
records  of  similar  import  could  be  cited. 

Some  miscellaneous  data  relating  to  Coleoptera,  Hymenoptera, 
Diptera  and  Hemiptera  are  given  by  Hugh  Scott  (1926,  p.  156-69), 
the  insects  either  being  observed  on  the  beach  or  on  the  water  at 
some  distance  from  the  land. 

INSECTS  IN  THE  DESERT 

If  insects  are  somewhat  irresponsible,  casual  wanderers  over  the 
ocean,  the  same  should  be  more  or  less  true  in  deserts.  This  is 
indicated  by  the  belief  of  Professor  C.  B.  Williams,  chief  ento¬ 
mologist,  Ministry  of  Agriculture,  Cairo,  Egypt,  to  the  effect  that 
the  supply  of  painted  lady  butterflies  for  all  Europe  north  of  a  line 
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through  the  middle  of  France  and  south  Germany  or  Switzerland 
originates  from  African  areas  south  of  the  Great  Desert.  In  other 
words,  there  must  be  an  extensive  migration  or  drifting  across  miles 
of  inhospitable  land  areas.  He  also  finds  mosquitoes,  Corixa,  small 
moths,  house  flies,  and  even  May  flies  many  miles  in  the  desert 
(1926,  p.  282),  apparently  blown  in  by  the  almost  constant  north 
wind  in  the  country,  though  it  appears  to  us  quite  possible  that  this 
is  a  drifting  rather  than,  as  suggested  above,  involuntary  trans¬ 
portation.  A  recent  communication  from  Edmund  C.  Jaeger  of  the 
department  of  zoology,  Riverside  Junior  College,  Riverside,  Calif., 
states  that  he  has  been  much  interested  in  migrations  of  painted 
lady  butterflies  over  the  Colorado  and  Mohave  deserts  and  marvelled 
at  the  powers  of  flight  in  this  case  against  the  prevailing  air  currents, 
adding  that  such  flights  occurred  in  1919  and  1924.  Here  again 
there  is  a  possibility  that  a  not  inconsiderable  proportion  of  this 
movement  is  drifting  rather  than  purposeful  flight. 

The  appearance  of  a  species  of  Copitarsia,  a  Noctuid,  as  a  larva 
on  a  small  patch  of  corn  shortly  after  it  was  planted,  in  the  northern 
part  of  the  desert  of  Atacoma,  Chile,  in  a  location  where  there  was 
no  vegetation  nearer  than  50  miles,  constitutes  another  bit  of  evidence 
along  this  line. 

Professor  T.  D.  A.  Cockerell  states  that  during  the  summer  of 
1925  on  the  slopes  back  of  Antofagasta,  Chile,  he  found  absolute 
desert  without  vegetation  except  for  a  single  seedling  of  Mesem- 
bryanthemum,  and  yet  he  took  a  small  Tineid  moth  (presumably  a 
stem  gall  maker,  Gnorimoschema  ,  det.  Busck)  and  a  Thy- 
sanuran.  At  Mollendo,  Peru,  in  extreme  desert,  he  also  found  a  few 
Thysanura,  adding  that  these  insects  seemed  to  be  able  to  live  in 
very  dry  hot  places  better  than  any  others,  though  he  does  not  know 
what  they  found  to  eat  under  such  conditions. 

There  is  in  Egypt  a  general  belief  that  fleas  are  blown  from  the 
desert  and  data  given  by  Chief  Entomologist  C.  B.  Williams  (1925) 
indicates  a  marked  local  increase  in  the  flea  population  following 
periods  of  dust-laden  winds.  This  is  suggestive,  though  not 
conclusive. 

A  feature  of  the  desert  is  the  locust  invasion,  according  to  Hingston 
(1925a,  p.  286)  writing  of  desert  conditions  in  the  vicinity  of  Bagdad. 
He  records  immense  swarms  passing  overhead,  adding  that  they 
are  much  influenced  by  aerial  currents,  the  locusts  near  the  ground 
sometimes  moving  in  a  different  direction  from  those  at  some 
elevation. 
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INSECTS  AND  STORMS 

Granting  for  the  time  being  that  there  is  an  aerial  insect  popula¬ 
tion,  there  should  occasionally  be  conditions  which  would  result  in 
forcing  many  into  the  water,  and  such  a  case  seems  to  have  been 
observed  by  Professor  James  G.  Needham  (1900,  p.  19-28),  He 
records  the  accumulation  August  13,  1899,  of  enormous  numbers 
of  insects  on  a  Lake  Michigan  beach  at  Lake  Bluff,  Ill.  He  states 
that  there  was  a  thunderstorm  and  gale  two  days  previously  and 
he  infers  that  the  insects  might  have  been  carried  out  over  the  lake 
by  the  high  winds.  It  seems  more  probable  that  the  thunderstorm 
and  possibly  the  accompanying  lower  temperatures  forced  the  insects 
into  the  water  and  that  the  large  numbers  he  observed  represented 
a  somewhat  normal  air  population  over  the  lake.  He  found  in  the 
drift  Orthoptera,  Odonata,  Lepidoptera,  Coleoptera,  Diptera, 
Hymenoptera,  Hemiptera  and  Trichoptera.  One  liter  of  the  drift 
material  contained  2520  crickets  (Nemobius  fasciatus 
DeG.),  686  grasshoppers  (Melanoplus) ,  85  Tettigidae,  75  dragon 
flies,  15  butterflies,  30  moths,  25  ground  beetles,  75  of  the  smaller 
foraging  Carabidae,  15  Scarabaeidae,  35  Coccinellidae,  21  wasps, 
30  Hemiptera  and  a  number  of  other  insects.  It  is  evident  that 
it  was  a  miscellaneous  lot  and  their  presence  in  the  drift  in  such 
large  numbers  could  hardly  be  explained  as  the  result  of  unusual 
migratory  impulses.  The  great  predominance  of  crickets  is  due 
probably  to  a  general  flight  of  these  insects,  since  they  were  recorded 
as  appearing  in  immense  numbers  the  preceding  day  at  lights  in 
Rockport,  Ill.,  some  70  miles  distant.  The  drift  line  was  perhaps 
50  and  possibly  100  miles  long.  The  species  were  regarded  by 
Professor  Needham  as  nearly  all  dominant  ones  in  their  respective 
groups  and  the  fittest  of  their  kind. 

It  is  possible  that  less  conspicuous  forms  were  also  involved,  since 
earlier  observations  by  Dr  E.  A.  Schwarz  (1890,  p.  208)  showed 
that  representatives  of  all  orders  came  to  a  raft  passing  through 
Lake  Sinclair  during  the  summer  of  1874  at  a  time  when  the  raft 
was  at  least  five  miles  from  the  nearest  shore.  He  has  found  large 
accumulations  of  insects  on  the  sandy  beaches  of  our  Great  Lakes 
when  there  was  a  gentle  though  steady  breeze  for  at  least  several 
hours  toward  the  shore,  nocturnals  as  well  as  diurnals  being  repre¬ 
sented,  including  many  of  the  most  delicate  species,  such  as  gall 
midges  (Itonididae),  fungus  and  other  gnats  (Sciaridae  and  My- 
cetophilidae).  He  states  that  these  small  forms  were  washed  ashore 
unharmed,  whereas  the  larger,  more  robust  species  were  apparently 
much  less  capable  of  enduring  immersion. 
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Kenneth  J.  Hayward  records  (1925,  p.  147-49)  a  remarkable 
migration  near  Villa  Ana,  province  of  Santa  Fe,  Argentine  Repub¬ 
lic,  South  America,  on  March  27th.  A  number  of  species  of  but¬ 
terflies  and  many  dragon  flies  of  several  species  were  observed, 
the  main  flight  lasting  less  than  11  minutes  and  thereafter  a  con¬ 
tinuous  stream  of  stragglers  passing  for  some  minutes.  The  record 
stated  that  many  hundreds  of  thousands  of  insects  were  involved, 
flying  from  just  above  the  ground  level  to  over  42  feet.  The  pre¬ 
vailing  wind  was  S.S.E.  freshening,  the  sky  heavily  overcast  and 
the  flight  northward.  In  a  letter  Mr  Hayward  mentions  a  storm 
raging  over  the  corrientine  side  of  the  Parana.  The  above,  taken 
in  connection  with  Hudson’s  record  and  observation  on  the  behavior 
of  dragon  flies  just  before  the  appearance  of  the  cool  pampero , 
suggests  the  possibility  of  some  such  aerial  disturbance  at  no  great 
distance,  driving  the  insects  before  it  or  toward  the  ground  and 
producing  conditions  which  resulted  in  a  local  migration.  On  April 
2d  the  same  author  records  in  the  July  issue  of  the  Entomologist, 
page  169,  an  all-day  butterfly  migration  at  Guillermina,  the  barom¬ 
eter  falling  slightly  and  a  fresh  N.N.W.  wind  blowing,  the  insects 
moving  toward  the  north.  On  April  12th  another  migratory  flight 
was  recorded  at  Villa  Ana,  the  insects  flying  fast,  at  a  height  of 
some  50  feet  or  more  and  with  a  south  fresh  wind.  The  sky  had 
been  overcast  for  four  days  with  intermittent  rainstorms  and  the 
insects  were  observed  at  4.30  p.  m.  at  a  time  when  the  air  had  sud¬ 
denly  cooled  considerably.  Here  again  we  have  conditions  very 
similar  to  those  recorded  by  Hudson. 

On  April  15  th  there  was  another  migratory  flight  during  clear 
sunny  weather,  the  wind  northwest,  the  insects  moving  north. 
There  is  no  record  of  barometric  pressure.  The  minimum  tempera¬ 
ture  the  preceding  night  was  55. 40  F.  This  latter  raises  a  question 
as  to  whether  the  sudden  cooling  of  the  air  indicated  by  the  above 
minimum  may  not  have  driven  the  insects  nearer  the  surface  and 
produced  this  apparent  migration. 

Another  case  probably  illustrating  the  influence  of  storms  upon 
insect  life  is  cited  by  Mr  Hayward  (1925,  p.  147-49)  of  Villa  Ana, 
Argentine  Republic,  South  America.  He  states  that  there  had  been 
a  heavy  thunderstorm  on  the  preceding  night  far  to  the  eastward. 
The  migratory  flight  commenced  at  approximately  4.40  o’clock  the 
following  afternoon  and  ceased  at  a  little  after  5  o’clock.  It  con¬ 
sisted  of  a  mass  of  butterflies  representing  nine  different  species, 
some  common,  moving  from  south  to  north  and  accompanied  by 
many  dragon  flies.  Mr  Hayward  was  of  the  opinion  that  the  flight 
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included  specimens  of  practically  all  the  butterflies  then  flying  in 
the  open  country  of  that  district,  this  latter  suggesting  some  physical 
explanation,  the  most  probable  being  the  nearby  storm,  particularly 
if  this  be  considered  in  connection  with  earlier  records  of  the  same 
character. 

The  effect  of  storms  and  the  possible  source  of  some  of  these  large 
assemblages  of  insects  are  suggested  by  Gatke’s  account,  as  rendered 
by  Tutt,  of  the  appearance  of  millions  of  Libellula  quadri- 
maculata  in  Heligoland.  Countless  swarms  were  reported  as  mak¬ 
ing  their  appearance  suddenly  during  the  calm,  sultry  hours  preceding 
a  thunderstorm.  The  insects  did  not  arrive  in  swarms  or  companies, 
but  solitary  individuals  or  scattered  groups  congregated  in  a  vast 
throng.  The  assembling  individuals  or  groups  must  have  followed 
each  other  in  very  rapid  succession,  for  in  a  short  time  the  face  of  the 
cliff,  all  the  buildings,  hedges  and  dry  twigs  on  the  island  were  covered 
with  them.  The  insects  disappeared  as  suddenly  as  they  appeared. 
They  did  not  remain  on  the  island,  nor  did  one  find  them  lying  about 
dead  after  the  thunderstorm  (Tutt,  1899,  p.  182).  It  is  quite  possi¬ 
ble  that  these  remarkable  assemblages  are  due  to  the  normal  aerial 
insect  population  being  driven  from  the  air  by  the  impending  storm. 
It  may  be  simply  a  variant  of  the  phenomenon  recorded  by  Hudson 
in  relation  to  dragon  flies  and  the  pampero  in  the  Argentine. 

Tutt,  on  the  above  cited  page,  records  local  swarms  of  this  same 
dragon  fly  appearing  a  short  time  before  a  thunderstorm  in  several 
German  localities  and  also  mentions  great  numbers  of  this  same 
insect,  which  he  associates  with  flood  conditions,  in  the  river  Soale. 

LIGHTHOUSE  AND  LIGHTSHIP  DATA 

In  connection  with  the  distribution  of  the  European  com  borer, 
Pyrausta  nubilalis  Hubn.,  noted  above,  there  were  some 
studies  made  under  the  direction  of  D.  J.  Caffrey  of  the  European 
Corn  Borer  Laboratory,  Arlington,  Mass.,  at  lighthouses  along 
Lake  Erie,  namely,  Point  Gratiot,  Dunkirk,  N.  Y.,  Conneaut, 
Ashtabula,  Fairport  and  Huron,  Ohio.  During  the  season  of  1922 
the  observations  were  carried  on  only  during  periods  when  the 
winds  were  blowing  across  Lake  Erie  from  the  direction  of  the 
Canadian  shore.  Hence  the  presumption  was  that  adults  probably 
crossed  the  lake.  H.  N.  Bartley,  in  connection  with  these  studies, 
notes:  “  At  times  when  the  wind  was  blowing  hard,  say  about  25 
or  30  miles  per  hour,  the  observer  noted  several  small  moths  being 
blown  in  from  the  lake  past  the  rays  of  light  (from  the  lighthouses), 
but  these  moths  were  unable  to  stop  at  the  light.  Attempts  were 
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made  to  capture  them  as  they  passed  close  to  the  light,  but  with 
no  success.”  An  examination  of  the  material  collected  by  Mr  Ellis 
of  the  com  borer  laboratory  showed  that  Evergestis  stram- 
inalis  Hubn.,  predominated,  although  there  were  also  various 
Geometrids,  Tineids,  Noctuids,  Pyralids,  expecially  certain  species 
of  Phlyctaenia  and  a  number  of  Gnorrimoschemas  (which  breed  in 
goldenrod)  in  the  collections. 

Recently  we  sent  a  questionnaire  through  the  Federal  Lighthouse 
Service  to  20  of  the  lighthouse  keepers  on  the  Great  Lakes  and  along 
the  northeastern  coast  of  the  United  States  to  see  if  they  noticed 
the  habitual  coming  of  insects  to  the  lights.  Invariably  they  stated 
that  different  species  came  to  the  lights  commonly  in  midsummer 
and  this  was  tme  even  of  lighthouses  seven  to  28  miles  from  the 
nearest  land  or  vegetation  and  with  the  lights  at  elevations  up  to 
128  feet  above  the  surface.  This  would  indicate  that  insects  com¬ 
monly  drift  in  the  air  at  an  appreciable  height  above  the  surface 
of  the  water. 

The  habitual  occurrence  of  insects  some  distance  from  the  land  is 
also  well  shown  by  the  observations  of  William  Eagle  Clarke  (1903, 
p.  289-90)  on  the  Kentish  Knock  Lightship  for  a  period  of  31  days, 
namely,  from  September  17th  to  October  18th.  This  lightship  is 
situated  in  the  North  sea,  northeast  off  the  mouth  of  the  Thames, 
2 1  miles  from  the  nearest  points  of  the  land,  which  are  Margate  and 
the  Naze  (Essex),  and  lie  respectively  southwest  and  west  and 
northwest  from  the  vessel.  The  nearest  points  to  the  continent 
are  the  northern  coast  of  France  and  the  Belgian  coast  which  are 
distant  from  48  to  56  miles  south-southeast  and  southeast  from 
the  lightship.  The  following  is  Mr  Clarke’s  record : 

On  September  23d,  in  addition  to  the  butterflies,  there  came  a 
number  ofPlusia  gamma  Linn,  and  hundreds  of  small  Tri- 
chopterous  insects,  which  my  friend  Mr  Kenneth  J.  Morton  has 
determined  as  Limnophilus  griseus  Linn.,  and  L. 
a  f  f  i  n  i  s  Curtis.  The  presence  of  these  latter  is  also  strongly 
suggestive  of  migration  from  the  continent,  for  it  is  scarcely  possible 
that  such  delicate  insects  could  have  flown  for  at  least  21  miles 
against  the  gentle  breezes  which  prevailed,  as  they  must  have  done 
if  they  came  from  the  southeast  coast  of  England.  Two  specimens 
of  the  fly  Helophilus  trivittatus  Fabr.  and  one  of 
Sphaerophoria  (named  by  my  colleague  Mr  P.  H.  Grimshaw) 
appeared  at  the  same  time,  and  many  other  species,  including  a 
Tortrix,  a  Plume  moth,  and  a  Hemipterous  insect,  which  I  have 
been  unable  to  determine.  On  the  morning  of  September  28th  I 
took  fine  fresh  specimens  of  Ennomos  alniaria  Linn, 
(male)  and  Apamea  testacea  Hubn.  at  rest  on  the  lee  side 
of  the  deck  house. 
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The  rather  common  occurrence  of  insects  some  distance  from 
land  and  available  breeding  places  is  shown  by  the  studies  of  S.  C. 
Ball  (1918,  p.  193-2 12)  on  the  Rebecca  Shoal  Light  Station  located 
in  12  feet  of  water  upon  Rebecca  shoal,  a  small  and  entirely  sub¬ 
merged  part  of  the  Florida  reef  12  miles  east  of  the  Dry  Tortugas 
and  48  miles  west  of  Key  West.  The  nearest  point  from  the  main¬ 
land  of  Florida  is  Cape  Sable,  105  miles  northeast.  Havana  lies  95 
miles  to  the  south  on  the  Cuban  coast  while  Cape  San  Antonio  at 
the  western  end  of  Cuba  bears  southwest  from  Rebecca  shoal  at  a 
distance  of  230  miles.  Cardenas  bay  lies  135  miles  to  the  southeast. 
Between  Rebecca  shoal  and  Key  West  there  are  several  keys,  the 
Marquesas  group  being  the  largest  and  nearest  to  Rebecca  shoal  — 
24  miles  east —  and  being  largely  covered  with  mangrove  swamps 
which  furnished  breeding  places  for  myriads  of  mosquitoes.  Insects 
reaching  Rebecca  Shoal  Light  Station  by  flight  alone  must  cover 
either  12  miles  from  Tortugas  on  the  west  or  24  miles  from  Marquesas 
on  the  east,  or  at  least  105  miles  from  the  mainland^on  the  east 
and  north  or  90  miles  or  more  from  Cuba.  There  was  apparently 
no  opportunity  for  insects  to  breed  at  Rebecca  Light  Shoal.  The 
author  finds  that  large  numbers  of  mosquitoes  and  houseflies  were 
carried  by  northerly  and  southerly  winds  to  Rebecca  Shoal  Light 
Station  and  the  Tortugas  points  from  Florida  and  Cuba,  each  about 
a  hundred  miles  distant.  Easterly  winds  bring  a  few  of  these  insects 
as  well  as  smaller  numbers  of  glowflies,  horseflies  and  gnats  from 
islands  on  the  Florida  reef.  Occasionally  Odonata,  Neuroptera 
and  Lepidoptera  are  carried  by  winds  to  these  parts  of  the  reef. 
It  is  interesting  to  note  that  such  comparatively  inefficient  flyers  as 
a  lace-wing,  Chrysopa,  a  damsel  fly,  and  fragile  gnats  were  taken 
on  this  shoal  as  well  as  stronger  flying  insects  such  as  Tabanids, 
blowflies  and  even  dragon  flies.  The  appearance  of  these  insects 
in  the  main  at  least,  coincided  with  favorable,  mostly  moderate 
winds,  suggesting  drift  rather  than  purposive  flight. 

MOUNTAIN  AND  GLACIER  DATA 

Admitting  that  lakes  may  serve  as  traps  for  insects  under  certain 
conditions,  and  there  is  no  gainsaying  this,  it  would  follow  that 
patches  of  snow  or  ice,  such  as  snowbanks  or  glaciers,  would  also 
capture  many  insects,  partly  as  a  result  of  the  down  currents  they 
induce  and  partly  because  the  lowering  temperature  of  the  higher 
altitude  rapidly  chills  the  insects  and  prevents  their  escape.  It  is 
easy  to  note  this  in  the  northern  latitudes  whenever  there  are  small 
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patches  of  snow  wittf  moderately  warm  weather.  The  effect  is 
emphasized  if  there  be  rapid  melting  of  the  snow  and  considerable 
running  water,  since  this  latter  tends  to  bring  the  insects  together 
in  small  depressions.  It  is  well  known  that  insects  are  sometimes 
found  in  extremely  large  numbers  on  glaciers,  undoubtedly  being 
carried  to  a  considerable  elevation  by  rising  air  currents  and  then 
dropped  over  the  cooler  ice.  It  has  generally  been  assumed  that 
insects  found  in  such  places  came  from  nearby  localities,  very  likely 
being  carried  up  the  mountainside.  This  is  undoubtedly  true  to 
some  extent,  though  it  probably  does  not  represent  the  entire  truth. 
The  occurrence  of  Coccinellids  in  the  crater  of  Vesuvius  (Leman, 
1925,  p.  143)  near  warm  lava  and  hot  vents  is  probably  due  to  up- 
currents  carrying  the  insects  to  the  summit  and  their  settling  in 
the  crater  —  a  casual  drift  rather  than  purposive  flight. 

Major  R.  W.  G.  Hingston  in  his  account  of  Animal  Life  at  High 
Altitudes  (1925,  p.  337-47)  describes  the  behavior  of  insects  at 
17,000  and  18,000  feet  and  records  the  occurrence  of  bees,  moths 
and  butterflies  at  21,000  feet  elevation  on  Mount  Everest. 

We  have  called  attention  elsewhere  to  the  fact  that  insects  prob¬ 
ably  drift  considerable  distances  with  the  wind  and  if  this  is  true  we 
should  expect  a  suggestion  of  such  movements  in  collections  on  high 
mountains,  particularly  if  the  air  currents  are  able  to  carry  insects 
hundreds  of  miles.  A  number  of  entomologists  have  collected  a 
considerable  number  of  species  on  or  near  the  summit  of  Mount 
Washington,  N.  H.  Attention  has  been  concentrated  upon  rare 
and  presumably  northern  forms.  With  the  possibility  of  wind 
spread  in  mind  we  have  scrutinized  these  records,  selected  a  number 
of  species  which  were  presumably  southern  in  habitat,  and  after 
submitting  these  tentative  lists  to  such  coleopterists  as  Blatchley, 
Leng,  Van  Dyke  and  Wickham,  we  find  them  in  substantial  agree¬ 
ment  as  to  the  southern  habitat  ofEnochrus  consors  Lee., 
Oxyporus  b  i  c  o  1  o  r  Fauv.,  Boletobius  dimidiatus 
Er. ,  Eros  sculptilis  Say  and  Longitarsus  turbatus 
Horn,  all  taken  during  the  warmer  months  of  the  year  upon  Mount 
Washington  and  none  with  a  recorded  habitat  north  of  New  Jersey. 
It  seems  quite  possible,  in  view  of  what  has  been  presented  above, 
that  these  insects  may  have  been  carried  long  distances  by  favorable 
winds.  Furthermore,  it  seems  quite  within  possibilities  that  the 
enormous  numbers  of  certain  lady  beetles  or  Coccinellids  found  upon 
mountains  are  carried  there  by  favorable  winds,  since  their  depen¬ 
dence  upon  ephemeral  aphids  for  sustenance  places  a  premium  upon 
a  free-flying  habit. 
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INSECT  DRIFT  IN  THE  EXTREME  NORTH 

There  is  abundant  evidence  to  indicate  northerly  insect  drift 
in  the  northern  hemisphere  and  our  general  knowledge  of  wind 
currents  would  suggest  that  under  certain  conditions  these  winds 
would  extend  to  the  extreme  north,  presumably  carrying  their  insect 
drift.  The  preceding  data  in  relation  to  mountain  and  glacial  drift 
suggest  the  probability  of  insects  dropping  on  islands  in  the  far 
north  in  the  same  way  that  they  collect  upon  glaciers  in  lower  lati¬ 
tudes  where  altitude  produces  arctic  or  nearly  arctic  conditions. 
A  paper  by  C.  S.  Elton  (1925,  p.  289-99)  on  the  Dispersal  of  Insects 
to  Spitzbergen,  a  group  of  islands  lying  well  to  the  north  of  the  Arctic 
Circle,  is  most  interesting.  North-East  Land  lies  in  latitude  8o°, 
is  the  second  largest  island  of  the  group,  is  about  the  same  size  as 
Wales  and  the  author  states  is  almost  entirely  covered  by  a  thick 
ice  cap  which  rises  to  some  2300  feet  above  sea  level.  There  are 
patches  of  barren  rocky  land  around  the  coast,  which  possess  an 
exceedingly  scanty  fauna.  He  records  that  several  parties  in  August 
1924  found  a  large  black  aphid  identified  asDilachnus  piceae 
Panz.,  and  a  flower  fly,  Syrphus  ribesii  Linn.,  on  various 
dates  in  different  localities  and  in  such  numbers  as  to  suggest  that 
“  hundreds  of  thousands  or  even  millions  ”  of  these  insects  had 
been  blown  in  a  broad  belt  over  the  island.  The  fact  that  there  are 
no  trees  proves  that  these  insects  must  have  come  from  some  other 
country  and  it  is  surmised  that  they  may  have  come  from  the  Kola 
peninsula,  a  distance  of  over  800  miles  in  a  straight  line.  This 
idea  was  confirmed  by  the  fact  that  weather  conditions  during  this 
period,  August  6th,  7th  and  8th,  were  favorable  for  strong  south 
and  southeast  winds  blowing  from  Europe  over  Spitzbergen  and 
more  especially  North-East  Land.  It  is  suggested  that  this  condition 
coincided  with  an  extraordinary  aphid  infestation  far  to  the  south. 

The  above  duplicates  to  a  very  large  degree  the  conditions  such 
as  occur  when  large  numbers  of  insects  are  found  upon  a  glacier, 
except  that  the  icy  surface  in  this  instance  is  nearly  a  thousand  miles 
from  the  presumed  source  of  supply.  A  drift  over  this  distance  is 
by  no  means  impossible,  judging  from  abundant  data  in  relation  to 
other  insects  in  various  parts  of  the  world.  The  insect  drift  in 
these  high  latitudes  would  naturally  be.  much  less  than  in  more 
temperate  regions  and  here  as  in  some  other  cases  it  is  believed  that 
this  one  record  indicates  a  condition  much  more  general  than  many 
have  suspected.  There  are  reasons  for  believing  that  many  sections 
of  the  arctic  areas  may  be  sown  from  time  to  time  with  various 
insects,  the  species  in  most  cases  being  extremely  abundant  one  or 
two  thousand  miles  south. 
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INSECT  DRIFT  ALONG  THE  LITTORAL 

A  very  striking  instance  of  this  character  is  recorded  by  Professor 
Needham  and  discussed  briefly  under  insects  and  storms.  Following 
up  this  work,  Miss  Snow  (1902,  p.  855-64)  made  a  study  of  insect 
drift  of  Lake  Michigan  between  April  14th  and  May  31st,  collecting 
1 14  species,  51  of  which  were  identified.  The  75  species  of  Coleop- 
tera  were  divided  as  follows:  Carabidae  33,  Scarabaeidae  10, 
Chrysomelidae  9,  Coccinellidae  7  and  other  families  in  small  num¬ 
bers.  On  May  27th  she  found  the  Colorado  potato  beetle, 
Leptinotarsa  decemlineata  Say,  so  abundant  that 
the  beach  at  Cheltenham  was  nearly  covered  with  beetles  dead, 
dying  or  active,  very  few  remaining  alive  May  31st.  This  plainly 
indicates  that  many  had  flown  or  drifted  well  out  over  the  lake. 
June  beetles  were  also  very  abundant  at  about  the  same  time. 
Undoubtedly  some  attempted  to  cross  the  water  and  became 
exhausted.  The  downward  currents  of  air  over  streams  and  lakes 
are  well  known  and  doubtless  assist  in  bringing  insects  to  the  surface. 

Professor  Herbert  Osborn,  Columbus,  Ohio,  records  a  somewhat 
similar  condition  along  the  shores  of  Lake  Erie,  stating  that  the 
insect  drift  is  quite  varied,  a  large  majority  being  species  that  occur 
within  a  few  miles  on  the  mainland.  He  states  that  insect  drift 
occurs  very  frequently,  since  southerly  winds  were  very  commonly 
followed  by  westerly  and  northerly  winds  which  would  bring  the 
drift  ashore. 

The  same  condition  has  been  observed  on  the  British  coasts 
by  the  veteran  entomologist,  Robert  McLachlan  (1884,  p.  234). 
He  records  swarms  of  Coccinella  as  occurring  occasionally  upon  the 
British  coasts  and  adds  that  masses  of  dead  aphids  sometimes  formed 
tide  refuse  along  the  southern  shore. 

Early  in  the  morning  of  August  15,  1926,  numerous  Hippo- 
damia  convergens  Guer. ,  and  one  Coccinella 
novemnotata  Herbst.  were  taken  on  the  beach  at  Greenport, 
L.  I.,  there  having  been  a  rather  strong  northerly  wind  for  some  hours 
and  the  insects  coming  in  with  the  drift.  It  is  very  probable  that 
they  crossed  Long  Island  sound,  some  ten  miles  wide  at  that  point. 
Hundreds  of  the  Hippodamia  could  have  been  taken  from  the  beach 
drift. 

The  following  has  a  direct  bearing  upon  insect  drift  since  it  indi¬ 
cates  the  crossing  of  somewhat  wide  stretches  of  water  by  a  species 
ordinarily  associated  with  the  desert.  Dr  H.  H.  Severin  in  October 
1925  stated  that  there  were  enormous  migratory  flights  the  past 
season  of  the  beet ,  leaf  hopper,  Eutettix  tenella  Baker. 
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The  insects,  evidently  migrating  from  the  San  Joaquin  valley, 
must  have  flown  across  either  San  Pablo  bay  or  Suisun  bay,  a  dis¬ 
tance  of  approximately  ten  miles  and  three  miles  respectively. 
Meteorological  changes  might  easily  have  driven  these  insects  to 
the  surface  of  the  water  and  resulted  in  beach  drift,  as  recorded 
above  for  other  localities. 


DATA  FROM  KRAKATOA  AND  OTHER  ISLANDS 


The  terrible  eruption  of  August  1883  devastated  this  entire  group 
of  islands,  judging  from  available  records.  Incidentally,  it  may  be 
stated  that  dust  discharged  during  this  eruption  rose  to  an  estimated 
height  of  1 7  miles  and  within  six  months  was  diffused  over  the  whole 
surface  of  the  earth  between  30 0  north  and  45 0  south  latitude, 
eventually  being  carried  north  and  south  over  North  America,  South 
America,  Europe,  Asia,  South  Africa  and  Australia.  This  alone 
gives  some  idea  of  the  sustaining  powers  of  air  currents. 

Dr  K.  W.  Dammerman  (1922,  p.  61-112)  states  that  the  three 
islands  remaining  after  the  eruption  were  overlaid  by  hot  ashes, 
approximately  90  to  180  feet  thick.  It  does  not  seem  possible  that 
anything  living  could  escape  under  such  conditions,  particularly  as 
the  adjacent  island  of  Sebesy,  some  seven  miles  distant,  was  partly 
and  possibly  completely  devastated.  It  seems  reasonable  to  believe 
that  both  plant  and  animal  life  were  well-nigh  entirely  destroyed  on 
the  Krakatoa  group  and  that  whatever  may  be  found  there  at  the 
present  time  represents  a  reestablished  flora  and  fauna.  Doctor 
Dammerman  in  the  above-mentioned  papers  gives  some  extremely 
interesting  data  relating  to  the  insect  fauna,  particularly  when 
it  is  remembered  that  this  group  is  approximately  20  miles  from 
Java  and  nearly  as  far  from  Sumatra,  although  intervening  islands 
to  the  northeast  afford  stepping  stones,  as  it  were,  to  facilitate 
the  passage  of  both  plants  and  animals.  The  nearest  of  these 
islands,  as  stated  above,  is  Sebesy  and  that  for  a  time  was  in 
a  partly  or  completely  devastated  condition. 

The  following  tabulation  shows  the  number  of  species  of  the 
more  important  orders  found  upon  this  group  of  islands  in  1908. 


Hymenoptera 
Lepidoptera.  . 

Diptera . 

Odonata . 

Thysanura .  .  , 


Krakatoa  Verlaten  Sebesy 


28  3  9 

2  . 

32  11  12 

1  .  1 

1  . 


64  14 


22 
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So  much  is  dependent  upon  opportunities  for  collecting  that  too 
much  relative  importance  should  not  be  attached  to  these  figures. 
It  is  perhaps  sufficient  to  call  attention  to  the  fact  that  a  number 
of  the  more  important  groups  are  represented  and  that  the  number 
of  species  is  roughly  proportional  to  the  land  areas. 

Doctor  Dammerman  also  gives  lists  of  collections  in  later  years 
from  two  of  the  Krakatoa  group  and  the  island  of  Sebesy,  the  latter 
for  comparative  purposes. 

Species  Taken  On  Two  of  the  Krakatoa  Group  and  the  Island  of  Sebesy 

Krakatoa  Verlaten  Sebesy 


Danaida . . 4  2  5 

Blattoidea. . .  6  4  6 

Mantoidea .  1  .  1 

Phasmoidea . . . .  . .  1 

Gryllacridae . .  1  1  5 

Gryllidae .  5  3  n 

Gryllotalpidae . .  1  1 

Locustidae .  6  4  6 

Acrididae. . . . 7  7  11 

Thysanoptera . 10  4  13 

Psyllidae . . .  2 

Aphididae.  .  . .  1  1  1 

Coccidae . 5  5  3 


46  32  66 


Here  again  too  much  importance  should  not  be  attached  to  the 
relative  number  of  species  occurring  upon  the  three  islands,  although 
it  should  be  noted  that  there  is  not  a  very  wide  discrepancy,  the 
largest  number  being  found  upon  Sebesy,  which  is  recorded  as  only 
partly  though  possibly  completely  devastated  during  the  late  eruption. 
It  is  furthermore  a  larger  island  and  distinctly  nearer  Sumatra  than 
any  of  the  Krakatoa  group.  The  species  recorded  in  1921  from 
Krakatoa  and  Sebesy  total  441  and  474,  respectively,  indicating  no 
great  discrepancy  in  the  insect  fauna.  The  data  would  seem  to 
sustain  the  belief  that  insects  drift  rather  freely  in  the  air.  Other¬ 
wise  there  could  hardly  be  such  a  general  restoration  of  the  insect 
fauna.  Furthermore,  Doctor  Dammerman  calculates  that  the 
winged  animals  on  Krakatoa,  Lost  island  and  Sebesy  represent  81, 
83  and  79  per  cent  of  the  total  fauna,  respectively,  the  wingless 
forms  accounting  for  the  remainder.  This  alone  suggests  the 
importance  of  drifting  or  flight  in  restoring  the  fauna. 
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Doctor  Dammerman  calls  attention  to  an  exceedingly  interesting 
development  on  Verlaten  island.  In  May  1908  there  was  a  lagoon 
still  connected  with  the  ocean,  which  later  became  separated  from 
the  sea  and  is  now  a  brackish  water  lake  surrounded  by  a  swamp 
and  affording  suitable  conditions  for  six  species  of  Coleoptera,  three 
of  Diptera,  three  of  Heteroptera  and  five  of  Odonata,  all  presumably 
comparatively  recent  arrivals.  A  scrutiny  of  the  species  recorded 
from  the  Krakatoa  group  in  1908,  likewise  published  by  Doctor 
Dammerman,  does  not  suggest  that  it  was  the  strong-flying  species 
alone  which  were  able  to  make  their  way  to  these  comparatively 
isolated  islands.  Species  of  Tetramorium,  Monomorium,  Campo- 
notus,  Ichneumon',  Hemiteles  and  Xanthopimpla  in  the  Hymenop- 
tera,  do  not  suggest  more  than  very  ordinary  flying  ability,  although 
the  possibility  that  the  ants  drifted  with  logs  should  not  be  over¬ 
looked.  Limited  flying  powers  appear  to  be  true  in  the  Diptera  for 
such  species  as  Sciara,  Dicranomyia,  Baccha,  Lonchaea  and  Agro- 
myza,  some  of  which  may  have  utilized  rafts  for  transportation 
across  the  water.  The  excellent  representation  of  Thysanoptera 
found  in  later  years  is  also  most  suggestive  of  insects  drifting  with 
the  wind,  rather  than  disseminating  themselves  through  conscious 
flight.  In  this  respect  these  data  bring  to  mind  the  capture  of 
delicate,  presumably  poor-flying  insects  at  the  Kentish  Knock 
Lightship  in  the  North  sea  and  at  the  Rebecca  Shoal  Light  Station 
off  the  coast  of  Florida.  There  is  the  possibility  that  the  rather 
frequent  passage  of  vessels  through  the  straits  may  have  assisted 
materially  in  restocking  these  islands  with  both  plants  and  animals, 
even  then  one  can  hardly  avoid  the  conclusion  that  winds  have 
played  an  important  part  in  carrying  winged  insects  to  the  Krakatoa 
group. 

The  record  of  galls  collected  by  Dr  W.  Docters  Van  Leeuwen, 
(1920,  p.  57-82),  on  the  islands  of  Krakatoa  and  Verlaten  is  extremely 
interesting,  in  view  of  the  above  outlined  history  of  the  group. 
He  refers  to  the  finding  of  galls  of  Eriophyes  pauropas 
Nal.  in  1896,  again  in  1905  and  1906  and  lists  and  describes  24  gall 
producers  divided  as  follows:  13  gall  mites,  seven  gall  midges, 
three  Psyllids  and  one  aphid.  While  there  is  a  remote  possibility 
of  a  few  gall  mites  being  carried  by  wind-blown  infested  leaves,  it 
seems  more  reasonable  to  think  that  most  if  not  all  of  these  tiny 
forms  were  swept  across  by  favorable  winds.  There  is  even  less 
chance  of  gall  midges  being  carried  within  the  galls  and  in  this  case 
the  probabilities  favor  transportation  by  air  currents.  The  same  is 
true  of  the  Psyllids  and  the  plant  louse.  The  mites  certainly  can 
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not  fly.  They  are  considerably  lighter  than  fine  particles  of  earth 
which  we  know  are  carried  enormous  distances.  Records  in  relation 
to  other  insects  indicate  a  probability  that  these  weak-flying  forms 
easily  drift  the  approximately  20  miles  separating  this  group  from 
Java  with  its  teeming  insect  population. 

Below  we  are  giving  a  comparative  tabulation  by  T.  Bainbrigge 
Fletcher,  imperial  entomologist  of  the  government  of  India,  which 
appeared  in  the  Bulletin  of  Entomological  Research,  16:178,  1925. 


Apterygota . 

Odonata . 

Isoptera . 

Orthoptera . 

Thysanoptera . 

Rhynchota .  . . 

Neuroptera . 

Coleoptera . 

Hymenoptera . 

Lepidoptera ...... 

Diptera . 

Total  insects . 

Total  animals 


1908 

1921 

I 

2 

I 

4 

2 

2 

14 

27 

O 

10 

15 

74 

I 

3 

23 

115 

51 

66 

IO 

84 

32 

54 

150 

441 

I96 

573 

The  above  figures  are  eloquent  on  developments  since  the  devas¬ 
tation  of  1883. 

Tutt  (19006,  p.  14-16)  summarizes  some  very  interesting  move¬ 
ments  of  Lepidoptera  over  Heligoland,  stating  that  huge  swarms 
of  various  insects,  such  as  Hybernia  defoliaria, 
H.  aurantiaria,  Ennomos  angularia,  Plusia 
gamma,  Psilura  monacha,  and  other  Lepidoptera  have 
been  observed  in  an  east  to  west  flight,  following  the  same  course 
and  in  association  with  migratory  birds  or  following  this  course 
under  conditions  known  to  be  acceptable  to  migratory  birds,  sweeping 
across  the  island  and  even  being  found  in  immense  swarms  on  the 
east  coast  of  England,  under  conditions  which  he  believes  could  be 
explained  only  as  a  migratory  flight.  In  the  case  of  Plusia 
gamma  these  flights  are  so  enormous  in  some  cases  as  to  suggest 
the  flakes  of  a  dense  snowstorm.  These  migrations,  more  probably 
driftings  with  favorable  winds,  are  supposed  to  originate  in  Schleswig- 
Holstein,  the  distance  to  the  English  coast  being  400  miles.  The 
swarms  of  Geometrids  mentioned  above  are  duplicated  to  some 
extent  at  least  in  America  by  the  immense  flights  of  our  native 
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Ennomos  subsignarius  Hubn.  and  Erannis  tilia- 
r  i  a  Harris,  though  under  our  conditions  it  has  usually  been  impos¬ 
sible  to  establish  the  distance  covered  by  these  flights  with  any 
degree  of  precision. 

Tutt  (1900a,  p.  254)  states  that  there  are  many  records  of 
Pieris  rapae  Linn,  and  P.  brassicae  Linn,  crossing  the 
English  channel  to  Dover,  and  refers  to  a  record  of  a  large  flight 
July  5,  1846,  the  insects  being  so  numerous  as  to  obscure  the  sun 
completely,  the  decks  being  strewn  with  the  insects.  The  weather 
was  calm  and  sunny,  though  in  an  hour  or  two  after  the  butterflies 
reached  the  land  the  wind  blew  “  great  guns  ”  from  whence  the 
butterflies  came.  It  is  possible  that  here  also  the  wind  and  adjacent 
storms  may  have  materially  concentrated  the  normal  aerial  popu¬ 
lation.  Tutt  also  mentions  in  this  connection  a  number  of  records 
by  various  observers  of  butterflies  settling  for  a  short  time  upon 
the  sea  and  rising  with  apparent  ease. 

HAWAIIAN  INSECT  FAUNA  SUGGESTS  WIND  SPREAD 

There  are  some  peculiarities  in  the  endemic  Hawaiian  insect  fauna 
which  strongly  suggest  wind  spread  as  the  principal  natural  means 
of  stocking  the  islands.  Whole  groups  of  insects  are  missing  and 
the  orders  present  are  represented  by  only  a  few  families  which 
could  have  come  by  flight  or  by  air  or  ocean  currents.  The  Lamel- 
licorns  are  represented  by  a  single  genus  composed  of  a  few  allied 
species  of  Lucanidae  and  these  are  confined  to  the  island  of  Kauai. 
The  Scarabaeidae,  the  .grubs  of  which  live  in  the  soil  and  all  of  the 
Phytophaga,  the  larvae  of  which  occur  on  leaves,  are  likewise  not 
represented.  Both  groups  have  limited  powers  of  flight  and  are  too 
heavy  to  drift  far  with  winds.  The  brilliant  tiger  beetles,  Cicin- 
delidae,  are  also  absent  (Muir,  1921,  p.  161). 

It  is  estimated  (Swezey,  1921,  p.  172-74)  that  only  17  of  the 
43  Coleopterous  families  are  represented  in  the  native  Hawaiian 
fauna.  It  is  noteworthy  that  such  Neuropterous  families  as  the 
Trichoptera,  Perlidae,  Ephemeridae,  Mantispidae  and  Panorpidae 
are  entirely  absent,  and  such  important  Dipterous  families  as  the 
Culicidae,  Tabanidae,  Syrphidae,  Asilidae,  Muscidae,  Dexiidae  and 
Tachinidae  are  not  represented  in  the  endemic  fauna.  Among  the 
Orthoptera  only  about  half  are  endemic,  there  being  no  native  stick 
insects  or  Mantids  and  no  true  grasshoppers. 

The  following  presents  some  interesting  generalizations  upon  the 
problem  and  is  especially  valuable  because  it  represents  the  opinion 
of  one  well  acquainted  with  local  conditions : 
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Though  the  distance  between  the  islands  and  other  lands  is  so  great, 
yet  we  know  that,  like  the  migrant  birds  of  Alaska  that  visit  the 
islands,  certain  insects  of  migrator}^  habits  like  the  large  dragon  flies, 
the  butterflies,  Pyrameis  cardui  and  h  u  n  t  e  r  a  ,  the 
small  moth,  Nomophila  noctuella,  and  others  have  been 
able  to  reach  the  islands,  and  probably  still  do  arrive  from  time  to 
time,  so  we  need  not  feel  any  difficulty  in  believing  that  at  some  period, 
a  lesser-sized  dragon  fly  (Agrion)  or  an  ant-lion  (Formicaleo)  —  insects 
which  could  only  have  arrived  on  their  wings  —  have  been  able  to 
traverse  a  similar  expanse  of  ocean  by  some  rare  chance.  *  *  * 

Over  what  distance  minute  and  delicate  winged  insects  can  be  wind- 
borne  is  not  known,  but  probably  under  favorable  circumstances 
it  is  very  great.  *  *  *  High  and  steady  currents  of  air  are 

probably  most  efficient.  A  number  of  the  existing  species  of  moths 
are  of  powerful  flight  and  are  partial  to  wind-swept  country,  and  it 
is  a  familiar  sight  to  see  these,  when  disturbed,  allow  themselves  to 
be  carried  far  away  on  the  strong  wind.  Given  this  habit  of  allow¬ 
ing  themselves  to  be  thus  carried,  small  moths  might  even  be  able 
to  pass  over  greater  distances  than  heavier-bodied  species.  In  the 
inter-island  distribution  of  species  whirlwinds  may  have  occasionally 
assisted.  *  *  *  These  whirlwinds  have  been  seen  to  carry  up 

thick  columns  of  dust  to  an  elevation  of  over  2000  feet  and  we  have 
once  or  twice  observed  them  to  originate  at  this  elevation  in  the 
mountains.  Small  creatures  carried  up  in  this  way  and  meeting 
high  currents  of  air  might  be  borne  for  great  distances  before  alighting. 
(Perkins,  1913,  p.  xlvii-xlviii) . 

CAUSES  OF  INSECT  SWARMS 
The  causes  resulting  in  large  swarms  of  insects  should  be  briefly 
considered  since  these  ordinarily  are  the  starting  points  of  dispersal. 
The  nearly  simultaneous  development  of  millions  of  mosquitoes, 
midges,  caddice  flies,  black  flies  and  butterflies  within  a  restricted 
area  accounts  for  many  swarms.  The  winged  insects  under  such 
conditions  undoubtedly  find  themselves  too  close  to  each  other  for 
comfort  and  there  is  a  general  tendency  to  move  in  the  direction  of 
greater  freedom  which,  other  things  being  equal,  would  mean  a  uni¬ 
form  spread  in  all  directions  from  the  original  source  of  the  swarm. 
Practically  speaking,  other  conditions  such  as  swift  or  cold  air 
currents,  light,  contour  and  vegetation  undoubtedly  have  a  marked 
influence  in  determining  the  direction  of  movement.  It  might  easily 
occur  and  presumably  frequently  happens  that  in  the  case  of  such 
insects  as  grasshoppers  a  uniform  movement  from  one  side  of  an 
enormous  swarm,  particularly  if  this  movement  were  aided  rather 
than  hindered  by  favorable  winds,  might  easily  result  in  the  speedy 
development  of  a  general  flight  or  drift  in  that  direction  —  a  mere 
mechanical  reaction  to  local  conditions  which  may  be  subsequently 
greatly  modified  by  the  abundance  or  scarcity  of  foodplants. 
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The  records  of  Professor  Needham  in  regard  to  lake  drift  and 
much  other  less  specific  data  clearly  establish  the  fact  that  under 
certain  conditions  air  currents  or  changes  in  temperature  may  either 
force  down  large  numbers  of  insects  or  produce  conditions  which 
result  in  considerably  greater  concentration  than  is  ordinarily  found 
in  the  air,  such  as  forcing  numbers  down  to  the  water  surface  and 
causing  them  to  drift  to  the  beach.  The  influence  of  air  currents 
may  be  compared  in  a  general  way  at  least  with  the  effect  of  water 
currents  in  concentrating  debris.  A  rapid  stream  flowing  into  a  still 
body  of  water  carries  considerable  debris  which  tends  to  collect  at 
the  point  where-  the  rapid  waters  are  checked.  Somewhat  the  same 
condition  appears  to  prevail  in  the  case  of  winds  moving  into  areas 
of  considerable  calm,  especially  if  there  is  a  marked  difference  in 
temperature.  It  would  seem,  with  the  following  in  mind,  that  the 
concentration  of  dragon  flies  observed  by  Hudson  just  in  advance  of 
the  cold  pampero  of  Patagonia  is  more  probably  explained  by 
the  rapid  air  currents  sweeping  across  the  stiller  air  and  bringing 
about  a  temporary  concentration  of  the  insects  at  the  point  of 
contact,  rather  than  by  the  wind  having  carried  the  dragon  flies 
for  hundreds  of  miles,  though  the  latter  is  a  possibility.  The 
pampero  is  an  extreme  case.  Winds  are  continually  driving 
across  the  stiller  air  and  if  such  conditions  tend  to  produce  concen¬ 
tration  of  the  normal  aerial  insect  population,  which  seems  possible, 
even  probable,  then  many  of  the  minor  assemblages  of  insects,  even 
though  along  well-recognized  bird  air  ways,  may  be  in  reality  the 
normal  result  of  an  unsuspected  condensation  and  the  observed 
flight  may  represent  the  natural  tendency  of  the  insects  to  spread 
or  disperse  from  such  congested  areas.  The  result  would  be  move¬ 
ments  along  the  same  general  lines  because  practically  all  the  insects 
would  be  subjected  to  the  same  influences.  In  other  words,  the 
movement  would  be  mechanical  rather  than  purposive  and  largely 
along  the  lines  of  least  resistance,  unless  there  was  some  factor 
tending  to  modify  flight  and  even  this  would  presumably  affect 
most  insects  in  the  same  way.  The  mere  fact  that  such  movements 
occur  along  somewhat  definite  lines  would  suggest,  if  the  foregoing 
explanation  be  accepted,  that  these  lines  coincided  with  conditions 
which  were  unusually  favorable  to  the  concentration  of  the  insect 
aerial  population  and  its  subsequent  dispersal.  The  swarms  of 
hovering  gnats  in  the  lee  of  a  tree  or  telegraph  pole  are  typical  of  a 
mechanical  response  to  even  very  light  air  currents.  The  somewhat 
general  occurrence  of  local  movements  in  such  directions  are  at  best 
only  suggestive  of  migration  such  as  is  known  of  many  birds. 
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SMALL  INSECTS  AND  WINDS 

It  is  evident  that  opportunities  for  purposive  distribution  without 
the  aid  of  air  currents  are  very  restricted  in  the  case  of  the  smaller, 
weaker  species. 

The  late  Professor  F.  M.  Webster  (1902,  p.  795-801)  called  atten¬ 
tion  to  several  instances  where  the  delicate  Hessian  fly,  Phyto- 
phaga  destructor  Say,  was  carried  by  prevailing  winds 
into  uninfested  fields,  stated  that  infestation  by  San  Jos6  scale, 
Aspidiotus  perniciosus  Comst.,  is  much  more  rapid 
from  west  to  east  with  the  prevailing  winds  and  from  a  valley  up  a 
slope,  the  usual  path  of  gentle  air  currents,  and,  most  interesting  of 
all,  recorded  somewhat  habitual  drifting  of  buffalo  gnats,  Simulium, 
some  20  miles  from  all  possible  breeding  places  and  their  attacking 
domestic  animals  in  swarms.  He  quotes  Professor  Sajo  to  the 
effect  that  aphids  creep  to  the  crowns  of  plants  in  the  sultry  hours 
preceding  a  thunder  storm  and  drop  themselves  at  the  proper 
moment  into  the  violent  currents  which  presumably  carry  them 
great  distances. 

The  drifting  of  small  insects  with  the  wind  is  strongly  suggested 
by  the  record  of  H.  B.  Johnston  (1925,  p.  132-33)  that  Helio- 
thrips  indicus  Bagn.,  appeared  October  15,  1924,  at 
Khartoum,  Sudan,  Africa  in  large  numbers,  all  kinds  of  vegetation 
being  covered,  following  two  or  three  days  of  a  “  fairly  strong 
northerly  wind.”  He  states  that  cotton  some  100  miles  to  the 
north  had  been  heavily  infested  by  thrips  during  the  previous  month 
and  suggests  as  “  highly  probable  ”  that  the  insects  may  have 
originated  in  such  fields  and  drifted  south. 

The  somewhat  common  occurrence  of  swarms  of  thrips  is  recorded 
in  the  case  of  the  onion  thrips,  Thrips  tabaci  Lindm.,  by 
Professor  H.  T.  Fernald  (1925),  who  states  that  these  insects  during 
July  are  so  common  in  portions  of  the  Connecticut  valley  in  the 
early  evening  as  to  make  it  somewhat  unpleasant  riding.  The 
very  general  infestation  of  pear  orchards  by  pear  thrips,  Taenio- 
thrips  inconsequens  Uzel,  suggests  that  this  species  also 
must  have  very  similar  habits. 

It  is  well  known  that  plant  lice  or  aphids  appear  in  swarms  at 
certain  seasons  of  the  year  and  presumably  drift  long  distances 
with  the  wind.  In  most  cases  these  movements  are  correlated  with 
migration  from  one  food  plant  to  another,  overcrowding  presumably 
being  responsible  for  the  primary  stimulus.  It  is  not  easy  to  ascer¬ 
tain  the  distance  covered  by  such  swarms,  although  it  is  presumably 
considerable  in  many  cases.  Dr  W.  E.  Britton  (1919,  p.  203) 
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records  such  a  swarming  of  Calaphis  betulaecolens 
Fitch  throughout  the  city  of  New  Haven  and  presumably  originating 
in  gray  birches  three  or  four  miles  from  the  center  of  the  city. 
Dr  A.  C.  Baker  of  the  United  States  Bureau  of  Entomology  has 
called  our  attention  to  the  recorded  swarming  of  the  green  bug, 
Toxoptera  graminum,  over  northern  Italy  in  1852. 
He  also  states  that  Borner  (1922,  p.  27-35)  secured  evidence  satis¬ 
factory  to  himself  that  aphids  were  carried  39  miles  by  the  wind, 
a  very  moderate  distance  it  appeared  to  us. 

The  fragile  gnats  taken  by  Doctor  Ball  on  Rebecca  shoal  and 
mentioned  above  should  be  noted  in  this  connection. 

A  remarkable  abundance  of  caddis  flies  and  midges  (Chironomids) 
over  a  somewhat  wide  stretch  of  water  is  recorded  by  Dr  W.  L. 
McAtee  (1915,  p.  694-95)  during  the  crossing  of  Currituck  sound, 
N.  C.,  a  distance  of  six  miles,  during  which  the  insects  were  so 
numerous  over  the  water  that  vision  was  perceptibly  restricted  and 
one  was  constantly  annoyed  by  the  impacts  of  the  insects  against 
the  face.  The  same  conditions  were  noted  on  a  small  steamer, 
the  “  Comet,’ ’  which  had  come  from  many  miles  down  the  sound 
during  the  night.  The  midges  were  identified  as  Chironomus 
halteralis  Coq.,  C.  modesttis  Say,  and  Tanytarsus 
sp.,  all  small  and  comparatively  weak  flyers.  The  caddis  flies  were 
determined  asOecetina  incerta  Walk.,  and  Oxyethira 
dorsalis  Banks. 

The  observations  of  Dr  T.  Bainbrigge  Fletcher,  Imperial  Ento¬ 
mologist,  India  (1910,  p.  321)  respecting  the  wide  distribution  in  the 
African,  Indian  and  Australian  regions  of  such  weak  flying  species 
as  Pyralids  and  Pterophorids  are  most  suggestive  in  this  connection. 

The  sugar  beet  root  louse,  Pemphigus  betae  Doane, 
winters  upon  certain  poplars,  spreading  therefrom  to  the  beet  fields. 
A.  C.  Maxson  of  the  Great  Western  Sugar  Company  (1918,  p.  235) 
states  that  at  Greeley,  Colo.,  host  trees  are  extemely  rare,  not  one 
being  found  in  the  eastern  section,  which  is  at  least  125  miles  from 
the  mountains  and  about  80  miles  from  the  nearest  known  host 
trees.  A  careful  study  of  conditions  indicates  a  rather  close  con¬ 
nection  between  host  trees  and  infestation,  although  the  insects  also 
winter  as  root  lice  in  the  soil  of  old  beet  fields.  The  more  severe 
infestations  appear  to  be  correlated  with  the  abundance  of  host 
trees,  and  in  view  of  the  fact  that  the  prevailing  winds  of  northern 
Colorado  are  westerly,  it  was  held  by  Mr  Maxson  as  not  “  unreason¬ 
able  that  these  insects  might  easily  be  carried  from  the  mountains 
many  miles  out  upon  the  prairies  by  these  winds.” 
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The  finding  of  aphids  on  the  snow  of  North-East  Land,  8o°  north, 
Spitzbergen  islands,  detailed  elsewhere,  is  conclusive  proof  of  extended 
drift  by  small  insects  of  presumably  very  restricted  powers  of  flight. 

DIRECTION  AND  RATE  OF  SPREAD 

It  may  be  necessary  to  revise  somewhat  our  opinions  respecting 
the  distribution  of  insects.  The  records,  so  far  as  this  country  is 
concerned,  are  too  fragmentary  in  many  cases  to  permit  more  than 
a  suggestion  along  these  lines.  Enough  data  have  been  assembled 
to  raise  a  serious  question  respecting  some  of  the  records  representing 
actual  distribution.  It  must  be  admitted  that  certain  species  drift 
or  make  their  way  far  beyond  their  normal  habitat.  This  process 
is  unquestionably  going  on  and  is  likely  to  continue. 

The  normal  trend  or  spread  varies  somewhat,  presumably,  in 
different  parts  of  the  country,  although  for  the  United  States  as  a 
whole  it  may  be  concluded  that  spread  from  west  to  east  is  relatively 
easy.  This  is  supported  by  the  gradual  and  somewhat  rapid  pro¬ 
gress  made  by  the  Colorado  potato  beetle,  Leptinotarsa 
decimlineata  Say,  from  Colorado  to  the  Atlantic  coast, 
working  east  at  the  rate  of  about  80  miles  a  year.  The  spread  was 
by  no  means  especially  rapid  and  certainly  was  not  comparable  with 
the  drifting  or  flight  of  millions  of  cotton  moths  from  the  south  to 
the  north,  yet  this  insect  was  found  in  immense  numbers  upon  a 
lake  shore  beach  as  recorded  above,  indicating  that  the  beetles  fly 
readily  and  presumably  remain  in  the  air  for  a  reasonable  time. 
It  is  possible  that  the  heavier  insects,  such  as  the  Colorado  potato 
beetle  and  the  Mexican  bean  beetle,  the  latter  spreading  northeasterly 
at  the  rate  of  150  miles  a  year,  ordinarily  do  not  allow  themselves 
to  be  carried  to  such  elevations  as  do  the  relatively  lighter  and 
presumably  better-flying  moths  and  Diptera.  The  annual  spread 
for  these  two  beetles  is  in  excess  of  the  recorded  drift,  for  two  seasons, 
some  50  miles  a  year,  of  the  European  apple  and  thorn  skeletonizer. 

There  is  another  factor  which  should  be  taken  into  consideration 
in  connection  with  wind  spread,  namely,  the  great  dispersive  powers 
of  the  winds  as  well  as  their  carrying  capacity.  Only  about  one- 
fourth  of  the  balloons  liberated  in  1923  continued  in  the  direction 
they  started.  Even  a  very  little  dispersion  in  the  course  of  a  drift 
25  to  50  miles  would  amount  to  a  most  considerable  scattering  and 
this  would  be  much  greater  in  the  case  of  longer  drifts  or  flight. 
This  dispersive  action  of  the  wind  undoubtedly  prevents  insect 
colonization  in  many  instances  unless  very  large  numbers  take  to 
the  air  at  the  same  time,  a  condition  hardly  likely  to  obtain  except 
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when  there  is  a  very  heavy  infestation,  as  in  the  case  of  the  cotton 
worm  of  the  South. 

The  easterly  drift  mentioned  above  is  only  one  of  the  favored 
lines  of  spread.  There  is  abundant  evidence  to  show  that  in  the 
United  States  there  is  a  marked  northeasterly  drift  which  at  times 
may  become  northerly,  and  under  exceptional  circumstances  possibly 
northwesterly.  There  appears  to  be,  in  the  northeastern  United 
States  at  least,  a  relatively  very  small  westerly  drift. 

An  understanding  of  these  tendencies  among  insects  after  making 
due  allowance  for  probabilities  and  possibilities,  the  latter  by  no 
means  easy  to  estimate,  permits  the  formulation  of  possibilities  in 
a  general  way  so  far  as  preventing  the  spread  of  introduced  insects 
is  concerned.  It  is,  for  example,  useless  to  attempt  to  do  more  than 
retard  spread  of  free-flying  species  in  the  direction  of  the  prevailing 
air  currents.  Conversely,  it  may  be  possible  to  check  spread  rather 
effectively  against  prevailing  winds  at  the  time  insects  are  in  flight 
or  in  a  stage  when  they  may  be  carried  by  air  currents. 

The  occurrence  of  southern,  or  for  that  matter,  northern  insects 
outside  their  normal  habitat  may  be  suggestive  as  to  prevailing  lines 
of  drift.  There  is  great  need  of  detailed  data  respecting  the  occur¬ 
rence  of  many  species  in  different  sections  of  the  country.  Such 
records  should  distinguish  between  the  occasional  visitor,  the  annual 
migrant  and  the  species  able  to  maintain  itself  indefinitely  in  the 
different  areas.  It  is  suggested  that  in  the  future  those  preparing 
local  lists  of  insects  should  keep  the  above  in  mind  and  thus  add 
materially  to  our  knowledge  of  the  distribution  of  insects. 

DRIFTING  OR  SPREADING  OF  INSECTS  IN 
VARIOUS  GROUPS 

There  are  numerous  records  relating  to  the  spreading  or  drifting 
of  various  insects  in  different  parts  of  the  world.  Some  of  the  more 
important  or  better  known  are  discussed  in  some  detail  in  the  fol¬ 
lowing  pages. 

Butterflies  and  Moths 

Cotton  moth.  One  of  the  most  familiar  and  striking  movements 
of  insects  is  the  somewhat  common  appearance  of  Alabama 
a  r  g  i  1 1  a  c  e  a  Hiibn.  at  city  and  village  lights  in  the  northern 
United  States  and  southern  Canada,  especially  in  the  northeastern 
states.  The  moths  appear  in  swarms  during  the  fall,  many  being  so 
fresh  and  perfect  that  one  is  unable  to  associate  their  condition  with 
a  purposive,  tiring  flight  of  several  hundred  miles  with  its  great  draft 
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upon  vital  energies  and  presumable  effect  upon  the  “  plumage  ”  of 
the  insect.  In  other  words,  weather-worn  insects  usually  show  the 
results  of  exposure.  The  above-mentioned  facts  make  it  seem  more 
reasonable  to  believe  that  these  moths,  issuing  as  they  do  by  millions 
in  the  cotton  fields  of  the  South,  allowed  themselves  to  be  carried 
to  moderate  or  even  considerable  elevations  by  upward  air  currents 
and  then  drifted  through  much  of  the  night.  Even  five  hours  at 
the  average  velocity  of  our  balloons,  namely,  nearly  18  miles  an  hour, 
would  carry  them  a  considerable  distance,  while  50  to  75  miles  an 
hour,  a  by  no  means  exceptional  velocity  in  the  upper  air,  would 
enable  the  insects  to  cover  the  maximum  distances  in  one  night  and 
permit  them  to  drop  in  some  northern  city  with  no  greater  expendi¬ 
ture  of  energy  than  would  be  necessary  to  maintain  themselves  in  the 
air.  The  fact  that  the  flights  of  the  cotton  moth  are  observed  in 
the  northeastern  United  States  more  frequently  than  in  areas  directly 
north  of  the  cotton  sections  and  much  more  commonly  than  in  areas 
westward,  would  suggest  that  the  insects  drift  on  southwesterly 
winds.  Here  again  we  have  a  reasonably  close  connection  between 
known  wind  currents  and  the  flight  of  this  moth.  R.  W.  Braucher  of 
Chicago  associates  the  cotton  moth  with  high  pressure  on  the  Atlantic 
coast  and  a  south  wind.  Recent  advices  from  Professor  F.  L.  Wash¬ 
burn  of  Minnesota  indicate  the  rather  infrequent  appearance  of  the 
cotton  moth  in  Minnesota,  while  the  insect  appears  to  be  unknown 
in  North  Dakota  (except  for  one  record,  namely,  Beach,  just  on  the 
Montana  line  August  23,  1924,  C.  N.  Ainslie),  Montana,  Idaho, 
Wyoming,  Utah  and  Oregon,  states  northwest  rather  than  north  of 
the  larger  cotton-producing  areas.  R.  A.  Leussler  of  Omaha  records 
its  appearance  several  times  during  the  past  17  years  in  eastern 
Nebraska,  while  Professor  T.  D.  A.  Cockerell  informs  us  that  a  large 
flight  occurred  at  Boulder,  Colo.,  in  1914,  the  same  year  that  the 
insect  was  so  abundant  at  St  Paul,  Minn.  This  flight,  so  far  as  the 
north-central  United  States  and  the  midwestern  areas  are  concerned, 
represents  presumably  unusual  conditions,  especially  since  Professor 
C.  P.  Gillette  of  Fort  Collins  states  that  he  has  never  seen  the  insect 
in  Colorado. 

It  is  interesting  in  this  connection  to  place  on  record  the  opinions 
of  Dr  W.  E.  Hinds  of  Louisiana,  formerly  of  Alabama.  He  writes 
as  follows:  The  cotton  “  moths  are  known  to  be  powerful  flyers, 
and  we  frequently  have  reason  to  believe  that  infestation  in  the  Gulf 
States  starts  from  moths  which  have  flown  across  the  gulf  from 
Central  or  South  America.  The  movement  is  always  predominantly 
in  a  northerly  or  northeasterly  direction.  ’  ’  We  are  inclined  to  believe , 
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as  stated  previously,  that  the  insect’s  power  of  flight  is  somewhat 
overestimated  in  this  statement.  The  movement  in  the  same  general 
direction  as  occurs  in  the  United  States  is  worthy  of  notice. 

The  following  records  are  somewhat  significant.  A.  R.  Grote,  an 
early  authority  on  the  Lepidoptera,  states  (1874,  p.  725)  that  data 
are  at  hand  to  show  that  for  many  years  after  the  cotton  plant  was 
introduced  in  the  Southern  States,  the  cotton  worm  never  appeared. 
He  states  that  it  was  evidently  first  recorded  from  central  Alabama 
but  little  preceding  the  Civil  War.  This  suggests  that  the  original 
infestation  in  the  Southern  States  probably  came  about  through 
drift  across  the  Gulf  of  Mexico.  Grote  also  refers  to  the  well-known 
flights  of  this  insect  to  the  northern  United  States. 

The  somewhat  common  appearance  at  city  lights  in  New  York 
State  of  millions  of  such  insects  as  the  snow-white  linden  moth, 
Ennomus  subsignarius  Hubn.  and  the  lime-tree  winter 
moth,  Erannis  tiliaria  Harris,  are  with  little  question  due 
largely  to  wind  drift  for  considerable  distances  and  are  therefore 
comparable  in  some  measure  to  what  is  known  regarding  the  move¬ 
ments  of  the  cotton  moth  discussed  above. 

The  actual  rising  of  insects  in  the  air  prior  to  migration  is  of  con¬ 
siderable  interest,  and  on  that  account  there  is  inserted  here  observa¬ 
tions  by  a  veteran  entomologist,  Richard  South,  (1885,  p.  209-10) 
in  relation  to  the  behavior  of  a  moth  identified  with  little  question 
as  Plusia  gamma  Linn,  at  Ventnor  on  the  Isle  of  Wight  in 
1879.  Sunday  evening,  August  10th,  he  was  walking  over  the 
downs  on  the  west  side  of  the  town.  The  day  had  been  hot  and  the 
evening  was  calm  and  sultry,  not  a  breath  of  wind  stirring  from  any 
quarter.  Conditions  indicated  a  thunderstorm,  and  this  occurred 
during  the  night.  He  observed  numerous  moths  towering  upward 
in  a  spiral  flight,  and  as  the  light  was  fast  declining  they  were  soon 
lost  to  view.  There  were  so  many  that  he  concluded  that  these 
peculiar  movements  were  connected  with  the  migration  of  the  insects 
from  their  breeding  ground.  They  ascended  without  an  apparent 
inclination  toward  any  particular  point,  and  in  his  estimation  would 
probably  have  been  influenced  by  any  current  of  air  they  may  have 
reached.  It  appeared  to  him  as  the  simultaneous  movement  of  a 
large  number  of  moths  and  not  the  action  of  a  few  individuals.  A 
similar  movement  by  this  species  but  with  no  suggestion  of  unusual 
meteorological  conditions  is  described  by  Robert  Adkin  in  Nature 
(1925,  p.  467).  Later,  it  may  be  found  that  this  is  the  normal  way 
for  the  species  to  take  flight. 
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It  should  be  noted  that  the  cosmopolitan  Nomop  h  i  1  a  n  o  c  - 
t  u  e  1 1  a  Den.  &  Schiff.  has  been  recorded  as  a  probable  migrant 
to  the  Hawaiian  Islands  (Fauna  Hawaiiensis,  p.  xl vii-xlviii) . 

Australian  noctuid.  There  is  a  record  of  the  noctuid,  A  g  r  o  t  i  s 
spina  Guen.,  assembling  in  immense  numbers  in  Australia,  the 
insects  occurring  in  such  extreme  abundance  as  to  approach  a  veri¬ 
table  nuisance  in  dwellings  and  public  assembly  places  and  seeking 
shelter  amid  rocky  mountain  summits  in  such  tremendous  numbers 
that  the  natives  had  become  accustomed  to  gathering  the  moths 
and  after  proper  roasting  using  them  as  an  article  of  food.  This 
appears  to  be  a  mere  swarming  instinct  developed  to  an  extraordinary 
degree  rather  than  the  drifting  of  insects  with  favorable  winds, 
although  under  certain  conditions  this  species  may  have  been  found 
in  numbers  at  sea  far  from  land. 

Blue  page  moth.  The  effect  of  severe  storms  and  the  possibilities 
of  a  long  drift  upon  insect  distribution  is  at  least  suggested  by  the 
following : 

The  “  Blue  Page  ”  Moth. —  During  the  gale  that  reached  Bar¬ 
bados  and  St  Vincent  on  August  26,  1901,  numbers  of  a  large  moth 
were  found  in  Barbados,  of  a  kind  not  known  to  breed  there.  They 
had  evidently  been  brought  by  the  high  southwest  wind.  Some 
were  caught  and  identified  as  Urania  sloanei,  the  “blue 
page  ”  of  Trinidad  itself.  They  were  found  as  far  north  as 
Dominica,  and  one  was  caught  on  the  R.M.S.  “  Eden  ”  midway 
between  St  Lucia  and  Barbados.  This  is  an  excellent  instance  of 
how  insects  spread  from  island  to  island,  and  had  these  moths  found 
suitable  conditions  in  Barbados,  they  might  have  become  established 
there  and  formed  an  addition  to  the  permanent  fauna.  The  direct 
distance  from  Trinidad  to  Barbados  is  about  160  miles,  and  to 
Dominica  is  some  100  miles  more. —  The  (Barbados)  Agricultural 
News ,  June  7,  ipo2. 

Com  ear  worm  moth.  This  insect,  Chloridea  obsoleta 
Fab.,  probably  does  not  winter  in  any  numbers  north  of  southern 
Pennsylvania  and  the  Ohio  river.  Occasionally  it  becomes  extremely 
abundant  and  injurious  in  northern  United  States  and  southern 
Canada.  The  known  facts  do  not  suggest  the  flight  of  such  enor¬ 
mous  numbers  as  in  the  case  of  the  cotton  moth,  and  yet  it  works 
northward  somewhat  rapidly,  presumably  relatively  few  individuals 
drifting  with  the  wind,  depositing  eggs  and  soon  producing  a  serious 
infestation.  The  short  period  necessary  for  the  completion  of  the 
life  cycle  makes  this  entirely  possible. 

Various  migrants.  The  subtropical  black  witch,  Erebus 
odor  a  Linn.,  very  probably  comes  north  on  the  night  winds, 
since  specimens  have  been  taken  in  the  northern  United  States  and 
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even  in  southern  Canada  in  such  perfect  condition  as  to  suggest 
recent  emergence  from  the  pupa.  The  closely  related  Thysania 
z  e  n  o  b  i  a  Cram,  has  been  taken  in  New  England  on  at  least  two 
occasions  according  to  C.  W.  Johnson  of  the  Boston  Society  of  Natural 
History,  and  has  also  been  taken  in  New  York  State.  The  tropical 
sphingid,  Argeus  labruscae  Linn.,  has  been  recorded  from 
Aroostook  County,  Maine,  by  Doctor  Johnson.  Dr  W.  T.  M. 
Forbes  of  Ithaca  advises  us  that  he  is  quite  sure  that  a  number  of 
captures  in  trap  lanterns  operated  at  Ithaca  are  migrants,  citing  in 
particular  Laphygma  frugiperda  Sm.  and  Abb.,  Pilo- 
crocis  ramentalis  Led.  and  Anticarsia  gemma- 
til  i  s  Hubn.  The  following  southern  forms,  Autographa 
oxygramma  Geyer,  Anomis  erosa  Hubn.  and  Anti¬ 
carsia  gemmatilis  Hubn.,  were  taken  at  Rye,  Westchester 
county,  N.  Y.,  by  Henry  Bird  in  connection  with  the  large  cotton 
moth  flight  of  1912. 

It  should  be  noted  that  none  of  these  records  can  by  any  possibility 
include  all  of  these  insects  carried  so  far  from  their  normal  habitat. 
They  probably  represent  an  extremely  small  percentage  of  the  total. 
Furthermore,  the  drift  in  almost  every  instance  is  northeasterly  and 
therefore  agreeing  in  the  main  with  the  winds  prevalent  in  this 
country.  Additional  data  along  this  line  are  given  under  mountain 
and  glacier  data. 

Local  dispersal.  There  are  many  records  relating  to  the  spread 
of  various  species  over  smaller  distances.  It  is  hardly  advisable  to 
attempt  to  include  them  all.  We  are  giving  a  few  which  have  come 
to  notice  in  recent  years.  William  C.  Cook  of  the  Agricultural 
Experiment  Station,  Bozeman,  Mont.,  states  that  in  the  spring  of 
1920  there  was  an  enormous  flight  of  the  army  cutworm,  Choriza- 
grotis  auxiliaris  Grote,  all  over  Minnesota,  Iowa  and 
northern  Missouri.  He  found  by  examination  of  available  literature 
that  the  nearest  breeding  ground  to  any  of  these  localities  was 
along  the  boundary  between  North  and  South  Dakota  and  Montana. 
The  prevailing  winds  at  that  time  of  the  year  are  from  the  west  and 
northwest  so  that  wind  drift  would  easily  explain  the  presence  of 
this  species  in  Minnesota  and  the  other  states.  He  considers  it  most 
probable  that  the  moths  must  have  covered  at  least  500  miles  in 
their  flight. 

Mr  Cook  also  calls  attention  to  a  shorter  migration  in  the  fall  of 
1919.  The  adults  of  the  pale  western  cutworm,  Porosagrotis 
orthogonia  Morr.,  were  very  abundant  in  the  dry  land  country 
northwest  of  Three  Forks,  Mont.  This  particular  region,  he  states, 
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is  a  sort  of  a  basin  sheltered  by  rather  low  ridges  but  open  to  the  west 
winds.  During  the  period  of  flight  of  these  moths  there  were  several 
times  when  there  were  strong  west  winds,  and  in  the  following  year 
practically  no  infestation  occurred  in  the  basin  except  against  the  foot 
of  the  mountain  on  the  eastern  end.  There  was  also  another  infesta¬ 
tion  reported  from  the  Spring  Hill  bench  of  the  Gallatin  valley  about 
20  miles  directly  east,  the  winds  apparently  carrying  the  majority 
of  the  moths  over  against  the  foothills  on  the  east  side  of  the  basin 
or  on  past  there  and  into  the  Spring  Hill  country. 

The  spread  of  the  apple  and  thorn  skeletonizer  moth,  Hemero- 
phila  pariana  Clerck,  northward  in  the  Hudson  valley  during 
the  past  few  years  has  been  with  the  prevailing  winds,  and  the  dis¬ 
tribution  is  so  general,  the  insects  even  being  found  on  isolated  apple 
trees  on  wooded  hills  miles  from  any  extensive  orchards,  that  one  can 
not  escape  the  conviction  that  the  small  moths  drifted  with  the  winds. 
During  the  season  of  1922  there  was  a  definite  northward  extension 
of  this  insect  over  50  miles.  A  further  spread  of  even  greater 
extent  was  recorded  in  1923  by  Dr  M.  D.  Leonard.  Very  much  the 
same  movement  with  the  winds  appears  to  obtain  in  the  case  of 
moths  of  the  spruce  bud  worm,  Harmologa  fumiferana 
Clem.,  in  Maine,  according  to  statements  made  recently  by  H.  B. 
Peirson,  forest  entomologist,  Augusta,  Maine. 

Migration  and  dispersal  of  insects  have  been  discussed  by  J.  W.  Tutt 
in  an  interesting  series  of  articles  to  which  one  may  refer  for  numerous 
details.  The  following  are  the  references  to  the  entire  series : 

Entomologists  Record  and  Journal  of  Variation 

1898  General  Considerations  1  o :  209-1 3 

1 898  Coccids  and  Aphids  10 : 233-38 

1 899  Orthoptera  11:14-18,  43-45,  64-67,  89-93,  1 1 7-2 1 

1899  Odonata  n:i53“55»  181-83,  213-15 

1899  Lepidoptera  11:319-24;  1900,  12:13-16,  69-72,  127-28,  182-86, 

206-9,  236-38,  253-57;  1901,  13:97-102,  124-25,  145-47,  233-37, 
255-56 

1901  Coleoptera  13:281-84,  198-201,  317-20,  353-58;  1902,  14:73-75 

1 902  Diptera  12:1 73-8 1 

1902  Hymenoptera  and  Termites  14:207-14,  232-37 

1902  Final  Considerations  14:262-65,  292-95,  315-19 

See  also  the  following  papers  by  Professor  C.  B.  Williams,  Government  Ento¬ 
mologist  of  Egypt:  XVIII.  Notes  on  Insect  Migration  in  Egypt  and  the  Near 
East,  Transactions  Entomological  Society  of  London,  Parts  3-4,  p.  439-56,  1925; 
Some  Unsolved  Problems  of  Butterfly  Migration,  Internationaler  Entomologen- 
Kongress,  Band  II,  p.  100-8,  1925;  Voluntary  or  Involuntary  Migration  of 
Butterflies,  The  Entomologist,  November  1926,  59:  281-88;  Records  of  Migra¬ 
tory  Insects,  Chiefly  from  Africa,  Bulletin  Societie  Roy  ale  Entomologique 
d’Egypte,  p.  224,  256,  1927. 
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Monarch  butterfly.  This  insect,  Danaus  archippus 
Fab. ,  moves  freely  over  a  wide  territory.  Although  unable  to  survive 
the  winter  north  of  subtropical  areas,  yet  each  season  it  makes  its 
way  into  Canada,  sometimes  nearly  to  the  Arctic  ocean,  and  is  known 
to  occur  southward  through  the  West  Indies  and  Central  America 
to  South  America,  probably  to  the  Amazon  river  and  Bolivia,  and  if 
e  r  i  p  p  u  s  Cram,  is  merely  a  geographical  race,  to  the  mouth  of  the 
Rio  de  la  Plata. 

The  behavior  of  the  monarch  when  migrating  has  been  well 
described  by  the  late  Dr  Otto  Lugger  (1889,  p.  256-58).  He  camped 
for  several  days  near  Battle  Creek,  Mich.,  in  August  1888.  During 
the  day  but  few  butterflies  could  be  seen  flying  about  in  search  of 
food  but  toward  sunset  large  numbers  of  them  came  from  all  points 
of  the  compass  and  settled  upon  the  trees,  selecting  the  crowns. 
As  long  as  it  was  light  butterflies  arrived  and  millions  of  them  must 
have  crowded  together.  Early  in  the  morning  the  butterflies  began 
to  leave  the  grove  not  singly  but  in  large  numbers  which  broke  up 
into  smaller  companies  to  scatter  over  the  prairie  in  search  of  food. 
He  stated  that  the  butterflies  assembled  every  evening  for  at  least 
ten  days  and  very  likely  for  a  longer  period,  as  the  wind  during  that 
time  was  from  the  south.  They  dispersed  with  the  first  wind  from 
the  north. 

Discussing  the  movements  of  the  monarch,  Tutt  (1902,  p.  292-93) 
is  inclined  to  regard  the  fall  assembling  of  this  species  as  a  mere 
roosting  habit  and  considers  that  no  proof  has  been  adduced  to  indi¬ 
cate  a  real  southern  migration.  He  rightly  claims  that  more  exact 
data  are  necessary  before  a  well-established  north  and  south  migra¬ 
tion  can  be  admitted  for  this  species,  adding  that  no  European 
lepidopterist  believes  there  is  an  autumnal  return  movement  in  the 
case  of  Vanessa  cardui. 

It  is  interesting  to  note  Professor  V.  L.  Kellogg  (1904)  states  that 
the  monarch  butterflies  commonly  winter  on  Point  Pinos  peninsula, 
Bay  of  Monterey,  Calif.,  in  great  clusters  or  festoons  some  50  miles 
from  any  quantity  of  their  food  plant.  The  insects  do  not  remain 
immovable  during  hibernation  but  may  be  seen  fluttering  about 
flowers  on  any  bright  day.  It  is  quite  possible,  in  view  of  the  above, 
that  the  assembling  so  frequently  recorded  for  this  insect  in  northern 
localities  is  simply  an  instinctive  movement  prior  to  hibernation 
and  not  necessarily  an  assembling  for  migration. 

The  spread  of  this  butterfly  southwestward  is  most  remarkable, 
it  having  been  reported  by  various  parties  from  such  widely  separated 
and  in  some  cases  inaccessible  parts  of  the  world  as  follows :  Hawaiian 
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islands,  Ponapi  in  the  Carolines,  the  Society  islands,  Cook  islands, 
Marquesas,  Oparo  or  Rapa  island,  Samoan  islands,  Fiji  islands, 
Tonga  or  Friendly  islands,  Loyalty  islands,  New  Hebrides,  Duke 
of  York  island,  Norfolk  island,  New  Zealand,  North  and  South 
islands,  Australia,  Tasmania,  Solomon  islands,  New  Guinea,  Louisiade 
islands,  New  Britain  island,  Celebes,  Java,  Sumatra  and  the  Keeling 
islands. 

The  above  list  suggests  a  general  distribution  throughout  much 
of  Oceania,  and  the  question  naturally  arises  as  to  how  the  monarch 
made  its  way  to  some  of  these  remote  islands.  The  longest  distance 
from  land  to  land,  assuming  that  Danaus  archippus  Fab. 
is  American,  is  2000  miles  between  this  coast  and  the  Hawaiian  islands. 
Investigations  of  earlier  entomologists,  as  summarized  by  Scudder, 
indicate  that  the  butterfly  became  established  upon  the  Hawaiian 
islands  not  far  from  1845  to  1850  (1889,  p.  730).  There  is  evidence 
to  show  that  a  tropical  milkweed,  Asclepias  curassavica, 
was  established  in  the  island  by  1852,  Danaus  being  unknown  until 
after  the  milkweed  had  been  introduced.  The  summary  account 
of  the  geographical  distribution  of  this  species  by  Commander  James 
J.  Walker  (1914,  p.  181-93)  refers  to  earlier  published  observations 
indicating  that  this  butterfly  may  have  become  established  in  New 
Zealand  as  early  as  1840.  He  italicizes  a  statement  to  the  effect 
that  the  old  maories  were  unanimous  in  stating  that  the  butterfly 
was  there  before  any  white  man  came.  The  monarch  certainly 
could  not  maintain  itself  upon  any  of  these  islands  prior  to  the 
establishment  of  a  suitable  food  plant,  and  the  latter  evidently  did 
not  exist  in  the  Hawaiian  islands  up  to  comparatively  recent  times. 

A  communication  from  Professor  F.  L.  Washburn  from  Papeete, 
Tahiti,  dated  August  23,  1925,  states  that  he  found  specimens 
of  this  insect  on  Takapoto  island  and  saw  its  larvae  feeding  on  a 
tropical  milkweed. 

A  letter  from  Professor  J.  F.  Illingworth  of  Honolulu,  dated 
February  17,  1925,  informs  us  that  the  milkweed  butterfly  is  occurring 
there  in  tremendous  numbers  on  an  introduced  African  shrub  identi¬ 
fied  by  Doctor  Brown,  the  botanist,  as  Calotropis  gigantea 
R.  Br.,  that  it  is  reported  to  feed  in  the  vicinity  of  Sydney,  Australia, 
upon  Gomphocarpus  ovatus  Schlehter,  introduced  from 
southern  Africa  and  in  New  Zealand  it  occurs  on  the  related  G. 
fruticosus  R.  Br.  from  the  Mediterranean  region.  This  is 
somewhat  suggestive  in  regard  to  the  possibilities  of  this  butterfly 
maintaining  itself  in  other  parts  of  the  world. 
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Scudder,  in  his  review  of  the  wanderings  of  this  insect,  suggests 
that  the  butterfly  may  have  originally  been  carried  to  midocean 
through  some  commercial  agency,  a  theory  which  is  not  shared  by 
Commander  Walker.  The  latter  states  that  during  a  cruise  between 
New  Caledonia  and  the  Solomon  islands  specimens  of  this  butterfly 
were  to  be  seen  every  day,  often  in  numbers,  southeast  trade  winds 
prevailing  at  the  time.  He  records  having  observed  the  smaller 
and  less  powerful  Danaida  chrysippus  at  sea  700  miles 
from  the  nearest  land,  namely,  off  the  African  coast.  He  also  gives 
a  record  of  an  Archippus  captured  by  a  sea-faring  friend  600  miles 
from  Cape  Race,  the  nearest  land.  There  is  a  record  of  a  specimen 
being  captured  off  the  coast  of  Portugal,  60  miles  from  St  Vincent, 
apparently  one  of  a  number  working  east  from  the  American  conti¬ 
nent  or  possibly  the  Bermudas.  Scudder  cites  a  case  where  Archippus 
was  found  in  the  South  Pacific  500  miles  from  the  nearest  land. 

In  connection  with  the  above,  the  reader  is  referred  to  the  Sept¬ 
ember  1925  issue  of  The  Entomologist’s  Monthly  Magazine,  pages 
198-202,  for  a  general  statement  by  Mr  Collenette  concerning  the 
present  status  of  this  insect  in  the  Pacific  islands  and  indicating  a 
much  less  general  infestation  than  in  1883. 

Turning  from  the  Pacific  to  the  Atlantic,  there  are  records  to  the 
effect  that  this  butterfly  has  been  established  for  a  long  time  in  the 
Bermudas,  650  miles  from  the  American  coast.  Specimens  have 
been  taken  occasionally  in  the  Azores,  and  the  Canary  islands  are 
recorded  as  headquarters  for  this  species  by  Commander  Walker, 
who  has  also  compiled  a  record  showing  the  appearance  of  this  species 
at  irregular  intervals  in  some  portions  of  Great  Britain  from  1876  to 
1908.  He  comments  upon  the  great  disparity  between  these  records 
and  the  very  few  captures  of  this  butterfly  on  the  continent.  N.  D. 
Riley  of  the  British  Museum  characterizes  the  insect  as  “  the  rarest 
of  chance  visitors.”  F.  W.  Frohawk,  editor  of  the  Entomologist 
(London),  advised  us  recently  that  Archippus  has  not  established 
itself  in  Great  Britain  or  elsewhere  and  that  there  seems  to  be  no 
likelihood  of  its  becoming  established,  thus  supporting  Commander 
Walker’s  opinion  that  the  species  is  a  casual  visitor  in  the  British 
Isles.  Mr  A.  J.  Wilmott  of  the  Botanical  Department  of  the  British 
Museum  of  Natural  History  states  that  no  species  of  the  genera 
Asclepias  or  Apocynum  occur  in  the  British  Isles,  and  adds  that 
Apocynum  venetum  is  found  in  South  Europe,  though  very 
locally.  It  will  be  seen  that  conditions  in  both  Great  Britain  and 
continental  Europe  are  not  favorable  for  this  insect. 
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The  annual  movement  of  this  butterfly  in  North  America  from  the 
subtropical  areas  nearly  to  the  Arctic  Circle  still  remains  to  be 
considered.  There  is  no  question  but  what  such  occurs,  the  move¬ 
ment  frequently  being  very  marked  and  apparently  unhindered  by 
a  large  body  of  water  such  as  Lake  Ontario.  In  this  connection  C.  B. 
Hutchings,  assistant  entomologist,  Division  of  Forest  Insects  of  the 
Canadian  Department  of  Agriculture,  Ottawa,  has  placed  at  my 
disposal  observations  made  August  24,  1923,  at  which  time  there 
were  literally  thousands  of  these  butterflies  upon  some  maple  trees 
at  Toronto.  The  insects  rested  for  two  days  and  on  the  morning 
of  the  third  they  had  all  disappeared.  He  was  informed  by  somebody 
at  the  time  that  a  large  swarm  had  been  seen  crossing  Lake  Ontario, 
and  a  few  days  later,  August  30th,  he  read  in  the  Toronto  Mail  and 
Empire  a  report  from  New  York  State  to  the  effect  that  myriads  of 
milkweed  butterflies  had  been  seen  fluttering  through  the  cities, 
drifting  more  or  less  with  the  wind  as  they  made  their  way  south¬ 
ward.  The  actual  crossing  of  the  lake  is  not  established  beyond 
question  in  this  case,  although  it  is  strongly  probable  that  this  was 
done.  The  southward  movement  of  this  butterfly,  so  far  as  at  present 
recorded,  does  not  suggest  the  covering  of  long  distances,  500  to 
1000  miles  within  a  day  as  in  the  case  of  the  cotton  moth  discussed 
above.  It  may  be  that -the  better  visibility  of  the  daylight  hours 
results  in  diurnals  refusing  to  allow  themselves  to  be  carried  to  the 
altitudes  which  may  be  attained  by  moths,  since  the  lower  visibility 
during  the  night  would  probably  make  it  more  difficult  to  estimate 
height  correctly.  It  would  therefore  seem  that  the  monarch  butterfly 
in  its  northerly  and  southerly  migrations  over  land  probably  takes 
advantage  of  favorable  winds  and  drifts  through  the  air  at  moderate 
heights,  usually  dropping  to  earth  at  dark  and  sometimes  before. 
This  last  is  not  invariable,  however.  There  is  an  observation  by 
Dr  C.  Hart  Merriam  who  stated  that  in  October  1885  a  lighthouse 
keeper  on  Lake  Ontario  had  been  greatly  annoyed  by  the  large 
swarms  of  monarchs  that  flew  against  the  lighthouse  and  obscured 
the  light.  There  are  records  of  other  butterflies,  E  u  g  o  n  i  a 
j  -  album  Bdv.-Lec.  for  example,  appearing  at  lights,  though  these 
are  presumably  exceptional  occurrences. 

If  it  is  possible  for  the  cotton  moth  to  remain  in  the  air  throughout 
most  of  the  night,  and  such  seems  to  be  the  case,  it  certainly  appears 
as  though  the  monarch  butterfly  should  be  able  to  do  equally  well. 
The  drifting  records  of  balloons  alluded  to  above  demonstrate  beyond 
question  the  possibility  of  a  butterfly  drifting  enormous  distances, 
1500,  2000  miles  or  even  more  within  10  to  24  hours  or  thereabouts. 
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The  specimens  observed  near  the  western  coast  of  Europe,  presumably 
having  drifted  from  American  shores,  strongly  suggests  that  this  is 
going  on.  The  casual  appearance  of  the  insect  in  the  British  islands 
through  a  series  of  years  also  tends  to  support  this  idea.  The 
habitual  presence  of  butterflies  at  sea  among  the  Pacific  islands 
observed  by  Commander  Walker,  a  thoroughly  competent  witness, 
proves  that  these  insects  fly  or  drift  over  the  ocean.  It  would  seem 
from  the  evidence  at  hand  that  this  spread  by  winds  has  occurred  for 
many  years  and  that  the  explanation  of  the  monarch  establishing 
itself  in  the  numerous  islands  of  the  South  Pacific  is  that  it  speedily 
followed  the  introduction  of  its  food  plant.  Drifting  in  that  direction 
in  earlier  years  simply  meant  the  casual  appearance  now  characteristic 
of  the  British  islands. 

Winds  and  monarch  distribution.  The  very  extended  distribution 
of  this  insect  in  the  South  Pacific  suggests,  due  allowance  being 
made  for  the  variability  of  winds,  that  there  must  have  been  large 
numbers  of  these  butterflies  drifting  or  flying  over  the  ocean.  The 
general  trend  of  the  trade  winds  from  east  to  west  and  particularly 
those  of  the  northern  hemisphere  from  northeast  to  southwest  would 
be  exceedingly  favorable  for  the  drifting  of  this  insect  to  the  Hawaiian 
islands,  and  with  the  variability  common  to  winds,  particularly 
during  periods  of  storm,  it  is  by  no  means  impossible  that  air  currents 
would  carry  this  insect  southerly  and  southwesterly  across  the 
Equator  and  provide  the  wide  distribution  in  Oceania. 

An  examination  of  the  Atlas  of  Meteorology  (Bartholomew  and 
Herbertston,  1889,  plate  14)  shows  there  are  during  the  months  of 
July  and  August  northwestward  winds  impinging  on  the  western 
coast  of  North  America  and  swinging  away  from  the  land  in  latitude 
of  about  350  N.,  and  becoming  northeastward,  a  trend  directly  toward 
the  Hawaiian  islands.  The  winter  winds  in  the  mid-Pacific  are 
northeast  with  a  distinct  northern  component  south  of  the  Equator, 
which  in  connection  with  the  normal  variability  of  winds  would 
result,  in  the  course  of  several  seasons  at  least,  in  the  distribution  of  a 
strong  flying  butterfly  such  as  the  monarch  throughout  Oceania  and 
even  to  Australia  and  New  Zealand,  provided  the  insect  was  able  to 
maintain  itself  upon  some  of  the  islands,  something  which  has  been 
true  within  historic  times. 

The  southeast  currents  in  latitude  20  south  or  thereabouts  on  the 
western  coast  of  South  America  would  also  be  favorable  for  the 
distribution  of  this  insect  throughout  Oceania,  even  if  they  only 
lent  impetus  to  the  westward  drift  when  they  join  the  northeast 
currents  from  the  northern  hemisphere  in  the  region  of  the  Equator. 
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Discussing  the  effects  of  tropical  cyclones  in  the  Pacific,  Professor 
S.  S.  Visher  (1925,  p.  70-78)  suggests  that  it  is  highly  probable  that 
tropical  cyclones  have  played  a  part  in  the  dispersal  of  life  from 
island  to  island  in  the  Pacific,  and  adding  in  explanation  of  the  marked 
oriental  influence  in  the  fauna  that  often  violent  westerly  winds 
completely  overcome  the  prevailing  easterlies.  He  cites  the  occa¬ 
sional  power  and  persistence  of  this  westerly  wind  by  referring  to 
the  case  of  John  Williams,  a  missionary  who  drifted  in  an  open  boat 
500  miles  from  Hervey  island  to  Tahiti,  a  record  published  by  him 
in  1838.  He  also  refers  to  hundreds  of  dragon  flies  being  carried 
presumably  from  Sumatra  and  Java  across  the  700  miles  of  ocean 
to  the  Cocos-Keeling  islands  in  the  Indian  ocean. 

The  possibility  of  winds  carrying  the  monarch  butterfly  across 
the  Atlantic  to  Great  Britain  is  strongly  supported  by  the  prevalence 
during  midsummer  of  southwest  winds  on  our  Atlantic  coast  sweeping 
across  the  ocean,  and  certain  currents  at  least  centering  squarely 
upon  the  British  islands.  This  condition  goes  far  toward  suggesting 
an  explanation  for  the  relatively  common  occurrence  of  this  butterfly 
in  England  where  it  is  unable  to  maintain  itself,  and  the  relatively 
much  greater  scarcity  in  adjacent  continental  areas.  It  would  be 
expected,  were  insects  able  to  drift  across  the  Atlantic  ocean,  that 
they  would  drop  on  the  first  available  land  of  any  size  and  this  seems 
to  be  true  of  the  British  islands. 

If  it  is  assumed  that  normal  wind  currents  are  inadequate  to 
transport  this  butterfly  the  immense  distances  necessary  to  assure 
its  appearance  in  widely  separated  parts  of  the  world,  which  by  no 
means  is  granted,  let  us  turn  for  a  moment  to  the  data  available  in 
relation  to  storm  tracks,  since  certain  storms  at  least  move  very 
rapidly,  and  presumably  there  is  a  greater  acceleration  of  air  currents 
during  storms  than  at  other  times.  Bartholomew’s  Atlas,  cited 
above,  on  plate  29  shows  that  storm  tracks  from  the  northwest  occur 
in  Oceania  in  January,  February,  March,  April,  November  and 
December,  periods  when  the  monarch  butterfly  would  fly  in  that 
section  of  the  world.  These  movements  would  be  most  favorable 
for  the  distribution  of  the  insect  throughout  Oceania,  provided  it 
had  previously  obtained  a  foothold  in  the  mid- Pacific,  as  for  example 
in  the  Hawaiian  islands. 

The  same  plate  illustrates  storm  tracks  during  the  months  of 
May,  June,  July  and  October,  mostly  periods  when  the  milkweed 
butterfly  would  be  on  the  wing,  crossing  the  ocean  from  the  eastern 
United  States  to  the  British  islands.  In  August  and  September, 
months  when  the  butterflies  appear  most  frequently  in  England, 
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the  storm  tracks  are  not  so  far  north  of  the  British  islands  that  the 
latter  would  be  outside  of  the  area  of  disturbance. 

A  number  of  these  storms  at  least  diverge  some  distance  west  of 
the  British  islands  and  sweep  north  to  the  Scandinavian  peninsula, 
or  to  be  more  specific,  the  storm  tracks  of  this  period  commonly 
extending  to  southern  Europe  cross  the  British  islands  while  others 
sweep  considerably  to  the  north,  following  a  much  longer  course  over 
the  ocean  before  they  reach  northwestern  Europe.  It  follows,  if 
this  butterfly  is  carried  by  winds,  that  both  the  normal  air  currents 
in  the  North  Atlantic  and  the  storm  tracks  would  make  it  more 
probable  for  this  butterfly  to  drift  to  the  British  islands  than  to  any 
other  section  of  Europe. 

Red  admiral.  It  should  be  noted  that  the  cosmopolitan  Van¬ 
essa  atalanta  Linn.,  was  recorded  from  the  Hawaiian  Islands 
for  the  first  time  in  1899  and  that  the  allied  species,  according  to 
Professor  O.  H.  Swezey  of  Honolulu,  the  painted  lady,  V  .  c  a  r  d  u  i 
Linn.,  and  the  painted  beauty,  V.  huntera  Fabr.,  are  both 
found  on  all  of  the  Sandwich  islands.  It  is  not  known  whether  the 
latter  two  have  been  there  long  or  whether  they  antedate  the  appear¬ 
ance  of  the  red  admiral,  V.  atalanta  Linn.  It  is  at  least 
interesting  that  these  three  butterflies  should  become  established  in 
the  mid-Pacific,  possibly  being  carried  there  within  recent  years  by 
wind  currents.  If  this  last  be  the  case,  butterflies  were  presumably 
prevented  from  establishing  themselves  earlier  in  the  Hawaiian 
islands  on  account  of  the  lack  of  satisfactory  food  plants.  This  would 
certainly  agree  with  the  conclusions  regarding  the  monarch  butterfly 
and  is  supported  by  the  following  excerpt  from  a  letter  from  Pro¬ 
fessor  J.  F.  Illingworth  of  Honolulu  dated  March  3,  1925,  in  reply  to 
a  suggestion  as  to  the  probability  of  this  being  the  explanation: 

Your  conclusions  are  also  good  in  regard  to  the  three  species  of 
Vanessa.  Any  chance  wind  introductions  of  prehistoric  times 
probably  failed  to  become  established  because  of  a  lack  of  suitable 
food  plants.  At  any  rate,  today  we  find  these  butterflies  developing 
on  plants  of  American  introduction.  We  naturally  conclude  that 
the  seeds  of  these  plants  have  come  by  ships,  during  the  last  century, 
yet,  there  is  a  possibility  that  they  also  could  have  come  by  wind 
currents.  It  certainly  would  be  easy  for  the  plumed  seeds  of  the 
milkweed,  thistle  etc.,  to  be  so  carried. 

A  communication  from  Professor  0.  H.  Swezey  of  Honolulu  dated 
March  13,  1925,  states  that  the  caterpillars  of  Vanessa  atal¬ 
anta  feed  on  the  leaves  of  a  native  Hawaiian  tree,  P  i  p  t  u  r  u  s 
a  1  b  i  d  u  s  ,  related  to  the  mulberry  and  assigned  to  the  Urticaceae 
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in  the  Hildebrand  flora.  The  tree,  he  states,  occurs  on  all  the  islands 
and  it  seems  strange  under  the  conditions  that  a  t  a  1  a  n  t  a  does  not 
occur  on  any  of  the  other  islands,  since  if  the  insect  could  reach  Hawaii 
from  the  mainland  it  would  seem  that  it  would  be  far  easier  for  it 
to  spread  to  the  other  islands  of  the  group.  He  states  that  even 
yet  the  caterpillars  feed  only  on  the  native  Pipturus.  Respecting 
Vanessa  cardui  and  V.  h  u  n  t  e  r  a  ,  he  states  that  the  larvae 
feed  only  on  introduced  American  plants  and  there  is  therefore  no 
reason  for  modifying  the  above  statements  in  respect  to  these  two. 

Some  may  be  inclined  to  hold  that  the  velocity  of  the  trade  winds 
is  entirely  inadequate  to  account  for  the  extended  flights,  since  the 
butterflies  must  necessarily  traverse  wide  stretches  of  either  ocean. 
We  should  remember  that  wind  velocities  increase  materially  with 
altitude  and  that  only  a  moderate  elevation  above  the  ocean  gives  a 
considerably  more  rapid  drift. 

Painted  lady.  The  movements  of  the  cosmopolitan  painted  lady 
or  thistle  butterfly,  Vanessa  cardui  Linn.,  are  very  suggestive. 
This  insect  does  not  appear  upon  the  wing  in  central  Europe,  except 
the  migrating  butterfly,  until  the  middle  or  end  of  July.  An  immense 
number  appeared  in  May  and  early  June  in  1875  in  central  Europe, 
even  crossing  the  Alps  and  suggesting  in  appearance  flight  from  an 
immense  distance.  Oberthur  stated  that  specimens  captured 
belonged  to  a  very  characteristic  African  type.  The  butterflies 
remain  on  the  wing  the  entire  winter  in  northern  Africa  and  breed 
throughout  the  season  in  Egypt.  Therefore  these  insects  probably 
found  their  way  from  distant  Egypt.  This  seems  very  reasonable, 
in  view  of  the  fact  that  an  estimated  5!  inches  of  dust  swept  from  the 
Sahara  by  the  sirocco  during  the  past  30  years  has  been  deposited 
in  Europe  and  that  this  dust  has  been  distributed  also  over  parts  of 
Africa,  Asia  and  the  Atlantic  ocean.  Dust  from  Australia  has  been 
carried  1500  miles  to  New  Zealand  (Hurd,  1922,  p.  301).  Scudder 
refers  to  similar  spring  flights  which  occurred  in  1741,  1790,  1798, 
1826  and  1851  and  an  exceptional  one  in  October,  1827. 

The  beginning  of  a  supposed  migration  has  been  graphically 
described  by  Skertchley  (1879,  p.  266).  He  states  that  some  of  the 
swarms  at  least  originate  in  Africa,  one  of  which  he  observed  a  day’s 
march  west  of  Sowakin  in  Nubia  in  March,  1869.  At  the  foot  of 
the  high  country  is  a  stretch  of  wiry  grass,  beyond  which  lies  the  rain¬ 
less  desert.  The  whole  mass  of  grass  seemed  violently  agitated, 
although  there  was  no  wind,  and  observation  disclosed  that  the 
“  motion  was  caused  by  the  contortions  of  the  pupae  of  V  .  cardui, 
which  were  so  numerous  that  almost  every  blade  of  grass  seemed  to 
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bear  one.  *  *  *  Presently  the  pupae  began  to  burst  and  the  red  fluid 
that  escaped  sprinkled  the  ground  like  a  rain  of  blood.  Myriads 
of  butterflies,  limp  and  helpless,  crawled  about.  Presently  the  sun 
shown  forth  and  the  insects  began  to  dry  their  wings;  and  about 
half  an  hour  after  the  birth  of  the  first  the  whole  swarm  rose  as  a 
dense  cloud  and  flew  away  eastward  toward  the  sea.  I  do  not  know 
how  long  the  swarm  was  but  it  was  certainly  more  than  a  mile  and 
its  breadth  exceeded  a  quarter  of  a  mile.” 

The  above  is  suggestive  as  to  the  origin  of  a  swarm,  certain  phases 
being  practically  duplicated  by  this  species  in  the  western  hemi¬ 
sphere.  Recently  Williams  (1925,  p.  535-37)  a  close  student  of 
insect  migration,  has  summarized  the  data  relative  to  this  species 
and  concludes  that  all  Europe  north  of  a  line  through  the  middle  of 
France  and  south  Germany  or  Switzerland  depends  for  its  painted 
lady  butterflies  entirely  upon  migrations  from  the  south,  mostly 
Africa,  although  even  the  north  coast  of  that  continent  does  not 
apparently  represent  the  origin  of  these  insects,  since  they  have  been 
observed  entering  Algeria  from  the  south  and  have  been  seen  crossing 
the  Nile  valley  near  Cairo  in  thousands,  coming  from  the  South¬ 
eastern  Desert.  He  states  that  the  butterflies  tend  to  fly  into  the 
wind,  rather  than  with  it,  and  in  the  case  of  one  or  two  records  from 
localities  with  daily  change  in  wind  direction  due  to  land  and  sea 
breeze,  there  is  a  corresponding  daily  change  in  the  direction  of 
flight. 

Shifting  to  the  New  World,  E.  A.  McGregor  of  California  (1924, 
p.  70-71)  records  a  flight  of  this  species  .from  April  nth  to  13th, 
the  flight  being  from  the  southeast  to  the  northwest  and  with  an 
average  of  about  300  butterflies  an  acre  at  a  given  moment.  He 
believed  the  source  of  the  migration  was  either  the  foothills  of  the 
Sierras  or  the  Sierras  proper.  This  flight  occurred  during  the  warmest 
period  which  had  occurred  that  season,  the  temperature  maximums 
ranging  from  80  to  88°  F.,  and  ceased  with  a  sudden  drop  in  tempera¬ 
ture.  The  flight  was  estimated  to  have  been  at  least  40  miles  in 
width,  and,  as  it  lasted  for  36  flight  hours,  the  total  distance  covered 
approximately  432  miles,  the  number  of  butterflies  being  estimated 
at  three  billion. 

Later  the  same  year  (May  10th)  R.  E.  Campbell  recorded  a  very 
extended  infestation  of  weeds,  mostly  malva,  thistles  and  nettles, 
by  the  caterpillars  of  this  butterfly.  He  stated  that  the  flight  and 
succeeding  infestation  covered  the  entire  area  of  southern  California 
as  far  north  as  San  Luis  Obispo. 
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Two  years  later,  March  20-26,  1926,  E.  A.  McGregor  again  observed 
a  similar  flight  (1926,  p.  38)  the  movement  being  of  the  same  general 
character  as  that  observed  earlier. 

These  flights  on  the  west  coast,  taken  in  conjunction  with  the 
observations  upon  this  insect  in  Europe  and  Africa  suggest  that 
there  may  be  an  extended  movement  by  this  insect  in  the  New 
World  as  well  as  in  the  old. 

Other  butterfly  movements.  The  southern  swallow-tail, 
Iphiclides  ajax  Linn.  var.  t  e  1  a  m  o  n  i  d  e  s  Feld.,  is  re¬ 
stricted  in  its  food  plant  to  papaw,  and  yet  a  speciman  was  taken 
in  the  town  of  Elba,  Essex  county,  N.  Y.,  on  the  road  to  Keene, 
(Watson  and  Coleman,  1912,  p.  4-6),  elevation  2000  feet,  in  the 
center  of  the  Adirondacks  and  at  least  200  miles  from  the  nearest 
locality  where  its  food  plant  is  known  to  occur.  This  magnificent 
butterfly  was  taken  there  on  the  flowers  of  the  great  fire  weed, 
Epilobium  angustifolium.  It  by  no  means  follows 
that  this  butterfly  made  its  way  from  the  nearest  locality  where  its 
food  plant  is  known  to  occur.  More  probably  it  came  from  con¬ 
siderably  south. 

T.  Thorncroft  records  (1865,  p.  289-90)  the  behavior  of  cer¬ 
tain  butterflies  about  Brighton,  England,  in  July  when  the 
flood  tide  set  in  at  Shoreham  Pier  about  3  p.  m.  With  a  gentle 
breeze,  there  came  a  host  of  butterflies,  Pieris  daplicide 
Linn,  and  a  few  P.  napi  Linn.  Hundreds  arrived  within  a  very 
short  time.  Most  surprising  of  all,  butterflies  were  seen  alighting 
or  settling  on  the  sea  with  expanded  wings,  and  in  one  case  the 
same  butterfly  settled  and  rose  as  many  as  four  or  five  times  within 
a  distance  of  less  than  a  hundred  yards  and  apparently  with  as 
much  ease  as  on  the  land.  These  insects  all  came  directly  in  from 
the  sea  from  the  southwesterly  direction  and  Mr  Thorncroft  evi¬ 
dently  was  of  the  opinion  at  the  time  that  they  drifted  in  from  the 
open  ocean. 

Robert  K.  Fletcher  (1926,  p.  106)  records  a  great  migration  of 
the  snout  butterfly,  Libythea  bachmanni  Kirt.,  at 
College  Station,  Texas,  September  23,  1925,  stating  that  there  were 
thousands  of  the  butterflies  proceeding  southward  against  a  gentle 
south  breeze  at  an  estimated  speed  of  eight  miles  an  hour,  the 
great  majority  flying  within  three  feet  of  the  ground.  Twelve 
hours  later  a  “  norther  ”  struck  College  Station  and  the  tempera¬ 
ture  dropped  to  65°,  while  the  wind  changed  to  the  north  and 
increased  to  20  miles  an  hour.  It  appears  possible  that  the  insects 
may  have  been  driven  down  by  the  cool  conditions  of  the  upper  air, 
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although  the  “  norther  ”  failed  to  drop  to  the  surface  of  the  earth 
until  about  12  hours  after  the  swarms  of  insects  attracted  notice. 
We  may  have  here  the  same  phenomenon  as  that  recounted  by 
Hudson  (see  page  115),  except  that  the  dry  cold  pampero  of  the 
Argentine  is  a  more  violent  wind  and  ordinarily  drops  quickly  to 
the  surface  of  the  earth  and  consequently  there  is  little  interval 
between  the  appearance  of  hosts  of  the  insects  and  the  strong  cool 
wind. 

The  local  movements  or  migrations  in  Trinidad  of  a  yellow  butter¬ 
fly,  Catopsilia  statira,  have  been  carefully  studied  by 
C.  B.  Williams  (1919,  p.  76-88),  who  records  a  very  general  move¬ 
ment  of  the  insects  on  that  island,  in  places  in  enormous  numbers, 
some  at  least  crossing  to  the  mainland.  It  is  believed  that  the 
swarms  originated  in  the  forests  of  the  southeastern  and  north¬ 
eastern  districts  of  the  island,  the  general  trend  being  westward  and 
there  being  seven  records  of  flight  over  the  sea.  It  is  stated  that 
the  flight  of  migrating  butterflies  is  very  distinct  from  those  flying 
casually,  the  rate  varying  from  12  to  16  miles  an  hour  and  across 
the  wind.  It  is  held  that  the  direction  of  the  wind  is  not  a  deter¬ 
mining  factor  in  establishing  the  direction  of  flight.  The  numbers 
observed  varied  from  two  or  three  occasional  specimens  to  so  many 
as  to  interfere  with  the  progress  of  a  motor  car,  the  immense  numbers 
in  one  case  causing  turkeys  to  gobble  in  consternation.  The  flight 
was  almost  always  in  bright  sunshine  and  whenever  a  cloud  passed 
over  the  sun  there  was  an  immediate  dropping  in  the  numbers 
passing.  Other  observers  state  that  there  is  a  swarming  of  this 
butterfly  nearly  every  year  somewhere  on  the  island. 

The  wanderings  of  the  little  sulphur  Euremma  euterpe 
Men.  (Terias  lisa  Boisd.)  are  briefly  noticed  by  Doctor  Lutz 
(1918,  p.  138).  He  states  that  there  are  three  broods  and  that  he 
is  not  sure  how  the  northern  winters  are  passed,  although  he  thinks 
the  species  may  work  south  in  much  the  same  way  as  the  monarch, 
Danaus  archippus  Fab.  He  also  statesth  at  “clouds" 
of  the  autumn  brood  have  been  noted  as  landing  on  Bermuda  from 
the  northwest,  having  covered  600  miles  of  ocean. 

European  Corn  Borer.  The  spread  ofPyrausta  nubil- 
alis  Hiibn.,  in  America  is  very  suggestive  of  windspread,  par¬ 
ticularly  that  in  the  Great  Lakes  region.  It  should  be  recalled 
in  this  connection  that  the  insect  was  first  found  in  western 
New  York,  Erie  county,  N.  Y.,  in  September  1919  at  North 
Collins  and  a  little  later  discovered  at  St  Thomas,  Ontario,  Canada, 
the  latter  infestation  being  much  larger  and  more  severe.  The  data 
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which  has  gradually  been  accumulated  since  the  finding  of  the  insect 
at  St  Thomas  suggest  that  this  may  be  the  original  point  of  dis¬ 
semination  for  the  entire  western  area.  The  finding  of  a  scattered 
and  almost  continuous  infestation  in  the  fall  of  1921  or  the  spring 
of  1922  along  the  nearly  200  miles  of  the  southern  and  western 
shore  of  Lake  Erie  from  Ripley,  Chautauqua  county,  westward 
and  northward  to  a  little  north  of  Detroit,  is  alone  very  suggestive. 
The  very  considerable  eastern  and  northern  spread  in  Canada  in 
1921  also  tends  to  corroborate  this  idea,  the  distance  covered  in 
this  latter  area  being  at  least  30  miles  and  in  all  probability  greater. 
There  was  some  extension  of  territory  in  this  region  in  1922  and  at 
the  end  of  1924  there  had  been  a  very  material  extension  in  the 
United  States  south  and  west  of  Lake  Erie.  This  was  followed  in 
1925  by  a  still  further  extension  northerly  and  somewhat  westerly 
in  Michigan,  easterly  and  southeasterly  in  New  York  and  Penn¬ 
sylvania,  respectively,  and  northeasterly  along  the  northern  shore  of 
Lake  Ontario  and  the  St  Lawrence  river  to  a  point  about  opposite 
Ogdensburg,  N.  Y.,  a  portion  of  this  easterly  extension  in  Canada 
being  forecast  since  July  1922  by  the  finding  of  isolated  infestations 
along  the  northern  shore  of  Lake  Ontario  to  Brighton  in  Northum¬ 
berland  county.  The  year  1926  was  marked  by  a  considerable 
eastward  extension  of  the  western  infested  area,  apparently  wind- 
spread.  Furthermore,  marked  individuals  have  been  recovered  20 
miles  from  the  point  of  liberation  and  it  is  known  that  the  moths 
may  alight  upon  the  water  and  again  take  flight.  There  are  now 
some  55,000  square  miles  of  infested  territory  centering  upon  Lakes 
Erie  and  Ontario  and  indicating  a  very  much  greater  relative  spread 
than  has  occurred  in  either  the  eastern  area  in  New  York  State  or 
the  infested  section  in  eastern  New  England.  Even  in  this  last 
there  were  marked  extensions  in  1922  northeasterly  and  north¬ 
westerly  into  Maine  and  New  Hampshire,  both  likewise  suggestive 
of  windspread.  The  recently  published  “  Progress  Report  ”  by 
Caffrey  and  Worthley  (1927)  gives  data  very  suggestive  of  extensive 
windspread. 

In  view  of  the  fact  that  insects  are  now  known  to  be  carried  to 
considerable  heights  by  convectional  currents,  that  the  upper  air 
moves  with  a  relatively  high  velocity  and  that  insects  with  sup¬ 
posedly  very  limited  powers  of  flight  have  presumably  been  carried 
long  distances  by  favorable  winds,  it  seems  quite  within  the  possi¬ 
bilities  to  attribute  much  of  this  enormous  spread  in  the  lake  regions 
in  particular  to  the  influence  of  the  winds.  Additional  evidence  in 
support  of  this  is  found  in  the  greater  easterly  spread,  assuming 
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St  Thomas,  Ontario,  Canada  to  be  the  location  of  the  original  infesta 
tion.  This,  if  true,  indicates  that  westerly  and  southwesterly  spread 
will  be  checked  to  some  extent  by  the  prevailing  westerly  and  espe¬ 
cially  northwesterly  winds,  though  it  is  too  much  to  expect  that  these 
air  currents  will  do  more  than  slow  up  the  progress  of  this  pest 
toward  the  corn  belt  states,  westerly  and  southwesterly  of  the  present 
infested  area. 

Hymenoptera 

Striking  examples  of  widespread  distribution  among  the  Hy¬ 
menoptera  are  to  be  found,  though  they  are  not  so  numerous  as  in 
other  groups.  The  larch  sawfly,  Nematus  erichsonii 
Hartig,  first  came  to  the  attention  of  Dr  A.  S.  Packard  in  August 
1882  at  Brunswick,  Maine,  and  at  about  that  time  it  was  also  found 
in  Massachusetts  and  in  the  Adirondacks  in  New  York  State.  The 
insect  was  defoliating  large  areas  and  evidently  was  spreading 
rapidly.  It  is  now  widely  distributed  in  the  northeastern  United 
States  and  southern  Canada.  The  elm  leaf  miner,  K  a  1  i  o  - 
fenusa  ulmi  Sund.,  is  another  introduction  which  appears  to 
be  spreading  rather  rapidly,  although  there  is  a  possibility  of  its 
having  been  carried  with  shipments  of  nursery  stock.  The  birch 
leaf  miner,  Fenusa  pumila  Klug.,  was  first  observed  in  Con¬ 
necticut  in  1923  and  is  now  widely  distributed  throughout  southern 
New  England  at  least  and  much  of  eastern  New  York  State.  The 
spread  of  the  above-mentioned  larch  and  birch  insects  was  probably 
due  in  large  measure  to  favorable  wind  currents  and  the  same  may 
be  true  of  the  elm  leaf  miner. 

There  are  a  number  of  records  of  ants  being  found  far  from  their 
normal  habitat,  presumably  having  drifted  on  air  currents.  Professor 
W.  M.  Wheeler  calls  attention  (1910,  p.  145)  to  the  Occident  ant, 
Pogonomyrmex  occidentalis,  a  species  peculiar  to 
the  Great  Plains,  being  taken  in  Hawaii,  and  the  finding  in  Massa¬ 
chusetts  of  a  single  colony  of  Formica  neoclara,  an  ant 
restricted  so  far  as  known  to  the  mountain  valleys  of  Colorado. 
There  is  also  the  record  of  the  southern  Aphenogaster 
t  r  e  a  t  a  e  Forel.  subsp.  w  h  e  e  1  e  r  i  Mann,  on  Naushon  island 
opposite  Woodshole,  Mass.,  (Psyche  1915,  22:51).  The  one  colony 
of  Bothriomyrmex  dimmocki  Wheeler  on  Mount  Tom, 
Mass.,  (Amer.  Mus.  Nat.  Hist.  Bui.  1915,  34:418),  at  least  sug¬ 
gests  an  insect  far  from  its  native  heath,  since  allied  species  are 
known  only  from  the  Mediterranean,  southern  Asia,  Java  and 
Australia. 
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Diptera 

There  are  not  many  records  relative  to  widespread  movements  of 
the  Diptera  or  true  flies,  although  a  number  are  undoubtedly  carried 
considerable  distances  by  air  currents.  One  of  the  best  known  of 
these  is  the  salt  marsh  mosquito,  Aedes  sollicitans  Walk., 
a  species  which  is  known  to  occur  in  immense  numbers  40  miles 
from  any  possible  breeding  place  and  presumably  drifting  with  the 
winds. 

The  Hessian  fly,  Phytophaga  destructor  Say,  prob¬ 
ably  drifts  considerable  distances,  measured  in  miles,  judging  from 
the  somewhat  uniform  infestation  which  may  be  found  over  con¬ 
siderable  areas. 

Gurney  and  Woodhill  (1926)  demonstrated  a  flight  of  at  least 
ten  miles  forChrysomyia  albiceps  Meign.  and  a  nearly 
equal  distance  for  Anastellor  hina  augur  Fabr.  and 
Neopollenia  stygia  Fabr. ,  all  sheep  blowflies  stained  and 
liberated  in  large  numbers,  the  majority  of  the  flies  traveling  with 
or  slightly  across  the  wind. 

The  Mexican  Dexid,  Cholomyia  inaequipes  Bigot, 
has  been  taken  at  Ithaca,  N.  Y.,  by  Dr  O.  A.  Johannsen  and  recorded 
from  Long  Island  and  New  England  by  Dr  C.  W.  Johnson.  The 
capture  of  the  Pacific  states  Tab  anus  septentrionalis 
Loew  in  several  New  England  localities  and  New  York  State  is  at 
least  suggestive. 

Some  other  data  relative  to  members  of  this  group  will  be  found 
in  the  discussion  of  small  insects  and  winds. 

Coleoptera 

Beetles  or  Coleoptera  are  rather  heavy  insects  and  yet  there  is  no 
question  but  that  some  species  travel  considerable  distances.  The 
historic  spread  of  the  Colorado  potato  beetle  Leptinotarsa 
decimlineata  Say,  throughout  the  eastern  United  States 
reveals  an  average  eastern  progress  of  approximately  80  miles  a  year. 
The  insect  is  well  known  as  a  strong  flyer  and  in  early  spring  may  be 
observed  moving  rapidly  at  moderate  elevations  and  possibly  at 
considerable  height.  The  occurrence  of  numerous  specimens  in  the 
Lake  Michigan  drift  is  also  conclusive  evidence  that  this  beetle 
moves  freely  in  the  air. 

The  Pales  weevil,  Hylobius  pales  Boh.,  is  attracted  from 
long  distances  to  fresher  cut  areas,  according  to  H.  B.  Peirson  (1921, 
p.  16-17)  now  forest  entomologist  of  Maine.  This  results  in  con¬ 
centrating  its  attack  on  areas  where  young  seedlings  are  just  coming 
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up  to  replace  the  cut  timber.  Somewhat  the  same  conditions  have 
been  repeatedly  recorded  for  various  bark  beetles,  especially  those 
belonging  to  the  genus  Dendroctonus,  there  being  instances  of 
swarms  of  considerable  size  invading  certain  areas.  The  difficulty 
in  all  these  cases  is  to  obtain  definite  information  as  to  the  distance 
covered.  It  is  quite  probable  that  to  some  extent  at  least  certain 
species  are  guided  by  odors  and  therefore  fly  against  the  wind, 
especially  pine  weevils  and  bark  beetles. 

The  recorded  spread  of  the  Mexican  bean  beetle,  Epilachna 
corrupta  Muls.,  as  outlined  by  the  workers  of  the 
laboratory  of  the  Bureau  of  Entomology,  in  the  eas 
States  since  its  discovery  in  Alabama  in  1920,  suggests  rr 
the  influence  of  southerly  winds  carrying  the  insect  in 
direction  with  a  distinct  easterly  trend,  the  insect  at  the  end  of  the 
season  of  1924  having  been  recorded  from  much  of  the  territory  north 
of  southern  Alabama  and  extending  nearly  from  the  Mississippi 
river  to  the  slopes  of  the  Appalachians  northward  practically  to 
Lake  Erie,  a  spread  in  this  direction  of  about  150  miles  a  year.  The 
general  trend  or  spread  is  such  that  one  might  be  justified  in  believing 
that  the  swarms  of  the  cotton  moth  in  the  fall  follow  a  somewhat 
similar  course  in  the  initial  part  of  the  flight,  although  since  pre¬ 
sumably  they  rise  higher  in  the  air  than  does  the  Mexican  bean 
beetle,  the  influence  of  the  Appalachian  mountains  would  be  less 
marked  in  the  greater  distance  covered  within  a  short  time  and 
would  result  in  many  of  the  insects  dropping  as  they  do  to  lights  in 
the  northeastern  United  States. 

The  distribution  of  the  cotton  boll  weevil,  Anthonomus 
grandis  Boh.,  within  recent  years  was  closely  mapped  by  agents 
of  the  Bureau  of  Entomology,  United  States  Department  of  Agri¬ 
culture,  and  here  likewise  a  northeastward  distribution  is  evident, 
being  particularly  so  in  the  early  history  of  the  insect  in  the  United 
States. 

The  marked  eastward  distribution  as  compared  with  the  northern 
was  more  apparent  than  real  and  due  in  considerable  measure  to 
the  restricted  distribution  of  its  food  plant.  This  northeastward 
spread  has  also  been  recorded  for  other  insects,  notably  the  Harle¬ 
quin  cabbage  bug,  Murgantia  histrionica  Hahn. 

A  remarkable  collection  of  lady  beetles  is  recorded  by  Piper 
(1897,  p.  49-51).  In  July  1893  he  found  on  the  summit  of  Moscow 
mountain,  Idaho,  altitude  about  5000  feet,  immense  numbers  of 
dead  lady  beetles,  about  ten  thousand  being  found  within  an  area 
of  one  square  foot  under  a  flat  piece  of  rock.  The  following  July 
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Professor  Aldrich  found  the  lady  beetles,  Coccinella  trans- 
versogutata  Fald.,  in  the  Blue  mountains,  Washington,  at  an 
elevation  of  5000  feet.  In  neither  case  was  there  evidence  of  nearby 
aphid  infestation.  There  are  a  number  of  other  similar  records  in 
relation  to  lady  beetles  for  both  America  and  Europe.  This  habit 
of  assembling  in  large  numbers  at  considerable  elevations  is  taken 
advantage  of  by  Californian  horticulturists  who  collect  the  beetles 
for  the  purpose  of  liberating  them  in  aphid  infested  areas. 

There  is  a  record  of  what  appears  to  be  a  somewhat  definite 
drifting  or  migration  with  the  wind  of  a  Hispid  leaf-miner, 
Coelaenomenodera  elaeidis  Maul.,  on  the  Gold 
Coast,  Africa,  the  beetles  leaving  a  locality  as  soon  as  food  material 
becomes  short  and  moving  along  the  Akwapim  ridge  in  a  south¬ 
westerly  direction  for  a  maximum  distance  of  some  16  miles.  The 
map  indicates  a  prevailing  northwesterly  wind,  the  storms  coming 
from  the  northeast.  The  ridge  has  elevations  from  1000  to  1500 
feet  and  it  seems  very  probable  that  the  lower  winds  at  least  would 
be  modified  by  these  elevations  and  follow  a  mostly  southwesterly 
course,  the  direction  recorded  for  the  drift  or  migration  (Cotterell, 

1925.  p-  77-83)- 

Hemiptera 

The  taking  of  Thamnotettix  pallidulus  Osb.  at 
Presque  Isle,  Pa.,  by  Professor  De  Long  (1923,  p.  365),  a  west- 
tern  species  described  from  Iowa  and  recently  cited  from  Kansas, 
appears  to  be  another  case  of  an  insect  being  found  a  consider¬ 
able  distance  from  its  normal  habitat.  Another  Homopteron, 
Dorydiella  floridana  Baker  (De  Long,  1923,  p.  367),  was 
also  taken  in  that  locality  by  Professor  De  Long,  the  nymphs  being 
found  on  the  stems  of  a  rush,  Scleria  ver  tic  el  lata,  just 
above  the  surface  of  the  ground  and  within  the  clump.  This  is 
considered  a  typical  southern  species,  although  it  has  been  recorded 
in  small  numbers  from  Massachusetts,  New  Jersey,  Illinois,  along 
Lake  Michigan  and  in  a  similar  lake  habitat  in  South  Dakota, 
apparently  being  restricted  to  sandy  areas.  There  are  grounds  for 
believing  that  certain  southern  insects  are  able  to  sustain  themselves 
on  sandy  areas  considerably  north  of  their  normal  habitat.  While 
this  insect  was  probably  permanently  established  at  Presque  Isle, 
since  it  was  observed  in  numbers  for  the  past  four  seasons,  it  is 
very  possible  that  air  currents  may  have  been  important  factors 
in  establishing  the  species  in  these  widely  separated  localities  and 
possibly  in  reestablishing  it  repeatedly  when  extreme  conditions 
may  have  resulted  in  local  extermination. 
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The  beet  leaf  hopper,  Eutettix  tenella  Baker,  has  a 
well-known  migratory  habit.  Professor  H.  H.  Severin  of  Cali¬ 
fornia  states  in  a  letter  dated  July  7,  1925,  that  in  the  spring  of 
1919  three  immense  swarms  of  this  insect  flew  from  the  plains  and 
foothills  into  the  cultivated  areas  of  the  San  Joaquin  valley.  A 
study  of  the  situation  showed  that  the  insects  flew  from  the  coast 
range  to  the  foothills  of  the  Sierra  Nevada  mountains,  a  distance 
of  50  miles.  He  further  states  that  beet  leaf  hoppers  have  been 
taken  as  far  north  as  Red  Bluff  in  the  northern  extremity  of  the 
Sacramento  valley,  a  distance  of  about  200  miles  from  the  northern 
limit  of  their  breeding  range,  and  adds  that  light  winds  probably 
play  an  important  part  in  the  dispersal  and  migration  of  this  insect. 
It  would  seem  very  probable  from  the  above  that  these  movements 
depend  to  a  considerable  extent  upon  favorable  air  currents. 

There  appears  to  be  definite  movements  of  this  insect  in  southern 
Idaho,  according  to  data  kindly  supplied  by  Asa  C.  Maxson  of  the 
Great  Western  Sugar  Company.  He  states  that  the  breeding 
grounds  are  40  or  more  miles  from  some  of  the  beet  fields,  that  the 
hoppers  appear  in  these  fields  nearly  every  year,  although  they 
seem  to  make  the  trip  in  easy  stages.  He  adds  that  in  1924  beets 
about  Buhl,  Idaho,  were  destroyed  by  June  10th  and  a  few  hoppers 
were  present  50  miles  east,  that  much  farther  from  the  breeding 
area,  and  that  in  two  weeks  the  eastern  portion  of  the  beet-growing 
territory  was  heavily  infested. 

Odonata 

There  are  a  number  of  early  records  suggesting  extended  flights 
or  drifting  by  dragon  flies.  Robert  McLachlan  (1900,  p.  222-26) 
gives  comments  and  observations  in  relation  to  an  extended  flight 
in  Belgium,  June  5th-ioth  of  that  year.  The  insects  were  observed 
over  a  line  from  the  southwest  to  the  northeast  of  some  106  miles 
and  for  a  distance  from  southeast  to  northwest  of  over  62  miles. 
In  both  cases  the  flight  occurred  in  the  morning  in  opposition  to 
the  prevailing  winds.  It  is  stated  that  on  June  10th  the  insects 
came  from  the  sea  and  on  the  5th  flew  against  the  wind,  keeping 
rather  low  and  flying  with  astonishing  regularity  and  without  resting, 
the  flight  being  estimated  in  one  locality  at  about  1 1  miles  an  hour. 
1 1  is  suggested  that  these  dragon  flies  may  have  flown  out  to  sea  and 
then,  discouraged  by  conditions,  returned.  McLachlan  states  that 
there  are  indications  that  part  of  the  swarm  reached  England,  not 
that  it  originated  in  England. 
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A  somewhat  similar  flight  of  dragon  flies  was  observed  October 
13,  1915,  at  New  London,  Conn.  (Osburn,  1916,  p.  90-92).  The 
insects  came  from  the  north  and  did  not  appear  at  all  shy.  The 
body  of  the  swarm  had  entirely  passed  at  the  end  of  an  hour  and 
after  3  o’clock  only  occasional  stragglers  were  seen  during  the 
remainder  of  the  afternoon.  The  species  proved  to  be  A  n  a  x 
j  uni  us  Dru.,  the  sexes  being  equal  in  number  and  the  insects 
at  the  height  of  flight  so  abundant  that  the  air  seemed  suddenly 
to  become  filled  with  large  dragon  flies. 

There  is  a  singular  account  by  W.  H.  Hudson  (1892,  p,  130-34). 
The  most  common  species  inhabiting  the  Pampas  and  Patagonia 
is  Aeschna  bonariensis  Rami.  The  really  wonderful 
thing,  he  states  is,  “  That  they  appear  only  when  flying  before  the 
southwest  wind,  called  the  pampero  —  the  wind,  that  blows 
from  the  interior  of  the  Pampas.  The  pampero  is  a  dry  cold 
wind  exceedingly  violent.  It  bursts  on  the  plains  and  usually  lasts 
only  a  short  time,  sometimes  not  more  than  10  minutes.  *  *  *  It 
is  in  summer  and  autumn  that  the  large  dragon  flies  appear;  not 
with  the  wind,  but  —  and  this  is  the  most  curious  part  of  the  matter  — 
in  advance  of  it ;  and  in  as  much  as  these  insects  are  not  seen  in  the 
country  at  other  times,  and  frequently  appear  in  seasons  of  prolonged 
drought  when  all  the  marshes  and  water  courses  for  many  hundreds 
of  miles  are  dry,  they  must  of  course  traverse  immense  distances, 
flying  before  the  wind  at  a  speed  of  70  or  80  miles  an  hour.  On 
some  occasions  they  appear  almost  simultaneously  with  the  wind, 
going  by  like  a  flash  and  instantly  disappearing  from  sight.  You 
have  scarcely  time  to  see  them  before  the  wind  strikes  you.  As 
a  rule,  however,  they  make  their  appearance  from  5  to  15  minutes 
before  the  wind  strikes;  and  when  they  are  in  great  numbers  the  air, 
to  a  height  of  10  or  12  feet  above  the  surface  of  the  ground,  is  all 
at  once  seen  to  be  full  of  them,  rushing  past  with  extraordinary 
velocity  in  a  northeasterly  direction.  In  very  oppressive  weather, 
and  when  the  swiftly  advancing  pampero  brings  no  moving 
mountains  of  mingled  cloud  and  dust  and  is  consequently  not  ex¬ 
pected,  the  sudden  apparition  of  the  dragon  fly  is  a  most  welcome 
one,  for  then  an  immediate  burst  of  cold  weather  is  confidently 
looked  for.” 

The  author  continues:  “  The  mystery  is  that  they  should  fly 
from  the  wind  before  it  reaches  them,  and  yet  travel  in  the  same 
direction  with  it.  When  they  pass  over  the  level,  drier  country, 
not  one  insect  lags  behind  or  permits  the  wind  to  overtake  it;  but, 
on  arriving  at  a  hut  or  large  plantation  they  swarm  into  it,  as  if 
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seeking  shelter  from  some  swiftly  pursuing  enemy  and  on  such 
occasions  they  sometimes  remain  clinging  to  the  trees  while  the 
wind  spends  its  force.  This  is  particularly  the  case  when  the  wind 
blows  at  a  late  hour  of  the  day;  then  on  the  following  morning,  the 
dragon  flies  are  seen  clustered  to  the  foliage  in  such  numbers  that 
many  trees  are  covered  with  them,  a  large  tree  often  appearing  as  if 
hung  with  curtains  of  some  brown  glistening  material,  too  thick  to 
show  the  green  leaves  beneath.” 

There  is  evidently  some  connection  between  climatic  conditions 
and  the  hosts  of  dragon  flies  recorded  above.  It  is  interesting  in 
this  connection  to  note  the  record  by  Professor  F.  Wood-Jones 
(1912,  p.  204-5)  t°  the  effect  that  dragon  flies  appear  on  the  Cocos- 
Keeling  islands  in  the  Indian  ocean  after  northerly  winds,  even 
though  these  be  of  short  duration.  It  may  be  that  the  pampero 
of  the  Argentine  and  the  northerly  winds  of  the  Indian  ocean,  as  well 
as  the  aerial  disturbances  noted  below,  tend  for  one  reason  or  another 
to  drive  the  insects  to  shelter,  and  in  the  case  of  those  flying  over 
water,  this  means  to  rest  upon  the  nearest  available  land,  and  on 
islands  very  considerable  assemblages  would  naturally  result. 

On  the  evening  of  August  13,  1881,  the  air  for  miles  around  Fair- 
bury,  Livingston  County,  Ill.,  was  reported  by  A.  H.  Mundt  (1882, 
p.  56-57)  as  being  literally  alive  with  dragon  flies  between  the  hours 
of  5  and  7  o’clock  from  a  foot  above  ground  up  as  far  as  the  eye  could 
reach.  The  same  was  reported  by  other  observers  12  to  15  miles 
east  and  west,  the  insects  moving  in  a  southwesterly  course.  The 
writer  suggested  the  possibility  of  the  Manitoba  wave,  then  reported 
in  the  Chicago  papers,  having  an  influence  on  this  flight  or  migration 
and  on  referring  to  the  report  (1883,  p.  32)  of  the  Chief  Signal  Officer 
there  is  a  record  of  a  low  barometer  area  accompanied  on  the  nth 
by  high  wind  velocities  at  a  number  of  Great  Lake  stations,  as  for 
example  Grand  Haven,  S.  28  miles,  Marquette,  S.W.,  26  miles  and 
at  Escanaba  and  Milwaukee  by  velocities  of  over  25  miles.  This 
was  during  a  dry  period,  a  time  when  dragon  flies  probably  range 
far  in  the  search  for  food.  Howard  (1901,  p.  366)  considers  it  probable 
that  dragon  fly  migrations  may  be  related  to  dry  periods.  It  appears 
entirely  possible  that  the  marked  wind  velocities  accompanying  this 
storm  might  have  brought  about  a  condensation  of  the  dragon  fly 
fauna  and  that  the  conditions  recorded  by  Mr  Mundt  may  be  some¬ 
what  similar  to  those  recorded  above  for  the  more  violent  pampero 
of  the  Argentine. 

The  dragon  fly  fauna  of  the  Hawaiian  islands  is  interesting  in 
this  connection.  Professor  C.  H.  Kennedy  of  the  Ohio  State  Uni- 
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versity  informs  us  that  there  are  about  30  species  of  Zygoptera  which 
fall  in  one  supergenus,  Megalagrion,  and  probably  represent  a  single 
early  introduction.  There  are,  in  addition,  four  species  of  Anisoptera, 
he  points  out,  three  of  which  are  identical  with  present-day  con¬ 
tinental  forms. 

In  discussing  with  Professor  Kennedy  the  possibility  of  there  being 
any  physical  explanation  why  the  larger,  stronger-flying  American 
dragon  flies  were  unable  to  establish  themselves  earlier  in  the  Hawai¬ 
ian  islands,  he  suggested  that  recent  agricultural  developments 
greatly  increased  the  areas  of  ponds  or  still  water  inhabited  by  these 
dragon  flies,  whereas  the  more  primitive  Agrions  or  Megalagrions 
were  mountain  stream  species.  In  search  of  additional  information 
along  this  line,  I  submitted  the  problem  practically  as  above  to 
Professor  J.  F.  Illingworth  of  Honolulu,  who  replied  in  a  letter  dated 
March  3,  1925,  as  follows: 

I  am  greatly  interested  in  Professor  Kennedy’s  explanation  of  our 
dragon  fly  fauna.  It  certainly  agrees  with  the  known  facts.  Origi¬ 
nally,  of  course,  all  the  waters  of  the  islands  were  confined  to  the 
narrow  mountain  streams.  Hence  the  native  dragon  flies,  of  neces¬ 
sity,  developed  under  such  conditions,  as  they  do  at  the  present 
time.  With  the  coming  of  the  first  natives,  however,  (perhaps 
1200  years  ago)  cultivation  probably  began.  The  natives  evidently 
brought  taro  plants  with  them  in  their  small  boats.  The  cultivation 
of  this  food  plant  requires  that  the  waters  of  the  mountain  streams 
be  spread  out  over  wide  areas  and  kept  standing  for  months  about 
the  roots  of  the  developing  plants.  Hence  such  conditions  are 
perfect  for  the  nymphal  stages  of  our  introduced  dragon  flies;  they 
certainly  flourish  in  the  taro  patches. 

A  letter  dated  March  13,  1925,  from  O.  H.  Swezey  of  Honolulu 
states  in  relation  to  the  above  that  the  extensive  culture  of  rice  and 
taro  has  resulted  in  great  expanses  of  water  in  which  dragon  flies 
can  breed,  although  they  are  not  entirely  dependent  upon  them, 
for  even  now  Anax  junius  and  A.  strenuus  breed  in 
pools  of  the  mountain  streams,  and  Perkins  states  that  Neso- 
gonia  blackburni  breeds  abundantly  in  temporary  pools 
of  the  higher  elevations  caused  by  heavy  rains.  Furthermore,  he 
adds,  there  are  swampy  areas  with  considerable  pools  both  at  higher 
elevations  as  well  as  on  the  lowlands  of  most  of  the  islands,  which 
have  evidently  been  in  existence  long  before  the  advent  of  man  in 
that  section,  so  there  appears  to  have  been  plenty  of  opportunity  for 
pond-inhabiting  dragon  flies  to  become  established  before  the 
Hawaiian  islands  were  peopled.  He  further  suggests  that  the  reason 
for  the  large  number  of  species  of  Zygoptera  in  the  Hawaiian  islands, 
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as  compared  to  the  relatively  few  Anisoptera,  is  that  the  former  are 
local  in  habit,  a  condition  favorable  for  differentiation,  whereas  the 
latter  are  strong  flyers  and  have  remained  generally  distributed 
throughout  the  islands. 

It  is  impossible  to  estimate  the  percentage  of  pond  areas  favorable 
for  the  establishment  of  migrant,  presumably  nearly  exhausted 
dragon  flies.  The  extremely  long  trip  necessary  for  an  introduction 
would  presumably  make  such  occurrences  very  rare  and  furthermore 
there  is  a  possibility,  if  not  probability,  that  many  smaller  insects 
suitable  as  food  for  the  larger  dragon  flies  may  have  been  relatively 
scarce  earlier,  these  factors  all  working  against  successful  establish¬ 
ment  of  migrants. 

The  flight  possibilities  of  dragon  flies  is  illustrated  by  the  following : 
Pantala  flavescens  Fabr.,  widely  distributed  in  the  United 
States  and  temperate  and  tropical  Asia,  Africa  and  America,  occurs 
in  the  Hawaiian  islands,  though  not  in  Europe.  April  n,  1896, 
numerous  dragon  flies  of  this  species  appeared  at  1 1  o’clock  at  night 
in  a  heavy  rain  with  a  moderate  easterly  wind  on  the  P.  and  O. 
steamer  “  Victoria  ”  in  the  Indian  ocean,  the  nearest  land  being  the 
Keeling  islands,  north  20,  west  290  miles  and  northwest  of  Australia, 
south  70,  east  900  miles  (McLachlan,  1896,  p.  254).  It  is  quite 
possible,  in  view  of  the  record  by  Professor  F.  Wood-Jones  to  the 
effect  that  dragon  flies  appear  on  the  Cocos-Keeling  islands  in  the 
Indian  ocean  after  northerly  winds,  that  such  currents  also  carried 
these  insects  farther  south  and  hence  they  may  have  been  Asiatic 
in  origin,  though  there  is  a  possibility  that  they  may  have  drifted 
from  the  Australian  continent  nearly  1000  miles  distant,  since 
Bartholomew’s  Atlas  of  Meteorology  indicates  southeast  winds 
prevailing  in  that  section  of  the  world  during  the  month  of  April. 
The  distribution  of  this  insect  suggests  ability  to  remain  in  the  air 
for  considerable  periods. 

Another  Hawaiian  species,  Tramea  lacerata  Hag.,  has 
been  recorded  from  widely  separated  localities  in  the  United  States 
and  Mexico.  A  third  species,  Anax  junius  Drury,  occurs 
throughout  much  of  North  America,  the  West  Indies,  Bermudas, 
Hawaiian  islands,  Tahiti,  Kamchatcha  and  China,  the  distribution 
again  suggesting  ability  to  remain  in  the  air  for  considerable  periods. 
Professor  Kennedy  states  that  representatives  of  the  three  genera 
mentioned  above  are  the  highest  and  ablest  flyers  we  have  and  that 
they  seldom  alight. 

If  the  above-mentioned  species  of  Anisoptera  are  carried  by  the 
winds  and  have  become  established  in  the  Hawaiian  islands  during 
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recent  years,  there  should  be  some  physical  explanation.  Professor 
C.  H.  Kennedy  suggests  that  the  topography  of  the  volcanic  Hawaiian 
islands  was  such  that  there  were  probably  no  ponds  in  the  islands 
before  the  advent  of  man.  The  later  arrivals  among  the  Odonata 
are  all  pond  species  so  far  as  known.  The  natives  constructed 
extensive  fish  ponds  and  later  rice  fields,  both  of  which  are  full  of 
these  pond  species.  This  at  least  increased  the  pond  areas  and  may 
explain  why  these  dragon  flies  were  able  to  establish  themselves  in 
the  islands.  The  earlier  established  Zygoptera,  Megalagrion  are 
mountain  stream  species  and  therefore  would  find  suitable  conditions 
even  in  prehistoric  times.  There  is  also  a  possibility  that  the  ende¬ 
mic  fauna  had  too  few  small  diptera  in  particular  to  support  the  larger 
dragon  flies. 

The  following  is  an  excerpt  from  a  recent  letter  from  Dr  R.  Heber 
Howe,  a  close  student  of  dragon  flies : 

Personally,  I  have  observed  for  many  years  the  swarming  of 
species,  particularly  Anax  and  Libellula  pulchella,  and 
their  migrations  down  the  coast  in  September.  I  have  noted  these 
migrations  from  Maine  to  New  Jersey  and  they  were  not  only 
frequently  but  generally,  if  not  always,  against  the  prevailing  south¬ 
west  wind.  These  continuous  streams  of  moving  insects  do  not 
rise  as  birds  in  search  of  favorable  air  strata.  At  Sakonnet  Point, 
Rhode  Island,  I  have  counted  during  one  hour  over  1200  insects, 
including  not  only  the  above  species  but  Tramea  Carolina 
and  Aeshna  species  in  sufficient  numbers  to  convince  me  absolutely 
of  it  being  a  migratory  rather  than  a  sporadic  pushing  along,  due  to 
local  causes  such  as  wind  movement  and  the  like.  They  are  fre¬ 
quently  accompanied  by  the  monarch  butterfly  which,  I  believe, 
has  been  proved  to  migrate,  and  specimens  of  Anax  sent  me  from 
the  south  collected  in  October  are  invariably  tattered  and  torn,  and 
would  appear  to  be  flies  that  had  migrated.  There  are  several 
spring  records,  one  I  recorded  only  a  year  ago.  I  feel  very  certain 
in  my  own  mind  that  the  perfect  correlation  of  the  action  of  insects 
under  migration  with  those  of  birds  leaves  little  doubt  that  the 
two  phenomena  are  alike,  and  probably  the  result  of  the  same 
cause,  i.  e.,  the  ice  advance  in  the  glacial  period. 

Practically  the  same  statements  appear  in  the  Proceedings  of  the 
Boston  Society  of  Natural  History  (Shannon  1921,  p.  111).  He 
also  gives  some  interesting  data  along  the  same  line  in  the  American 
Museum  Journal  (1917,  p.  33-40). 

Swarming  and  an  assumed  migration  of  several  species  of  the  larger 
dragon  flies  have  been  recorded  by  F.  M.  Root  (1912,  p.  209),  who 
observed  a  number  of  species  on  Pelee  Island,  Ontario,  Canada, 
near  the  western  extremity  of  Lake  Erie  about  the  middle  of  August 
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in  1 9 1  o  and  again  in  1 9 1 1 .  In  the  latter  case  there  were  many  teneral 
Anax  junius  Drury.  The  abundance  of  dragon  flies  in  1911 
followed  the  appearance  of  numerous  deer-flies  and  Mr  Root  suggests 
a  possible  connection.  Two  other  dragon  flies,  Aeschna  con¬ 
st  r  i  c  t  a  Say  and  Tramea  lacerata  Hagen,  presumably 
winter  in  the  upper  Adirondacks  and  would  therefore  not  be  com¬ 
pelled  to  migrate  on  account  of  the  rigors  of  the  cold  season  about 
western  Lake  Erie. 

There  are  some  general  considerations  which  should  be  taken  into 
account  in  connection  with  the  above-noted  dragon  fly  movements. 
In  the  first  place,  the  nymphs  of  four  species,  Aeschna  con¬ 
st  r  i  c  t  a  Say,  Anax  junius  Drury,  Tramea  lacerata 
Hagen,  and  Libellula  pulchella  Drury  have  all  been 
obtained  in  the  Adirondacks,  at  Saranac  Inn  or  its  vicinity,  a  typical 
boreal  region.  The  occurrence  of  the  immature  stages  of  Aeschna 
constricta  Say  in  that  section  is  almost  conclusive  evidence 
that  the  insect  winters  successfully  under  severe  climatic  conditions, 
since  it  has  a  life  cycle  of  at  least  two  years.  Anax  junius  has 
a  larval  period  of  less  than  three  months  and  this  is  probably  true 
of  Tramea  lacerata  and  Libellula  pulchella. 
I  should  expect  to  find  all  these  species  in  the  Adirondacks  in  ponds 
which  did  not  freeze  solid  (C.  H.  Kennedy  in  lift.).  The  compar¬ 
ative  abundance  of  some  of  these  species  suggests  that  hibernation 
may  be  true  of  others.  This  being  so,  there  is  no  such  reason 
for  a  southern  migration  as  in  the  case  of  an  admittedly  tropical 
or  subtropical  insect  like  the  monarch  butterfly. 

It  is  well  known  that  dragon  flies  are  predacious,  and  dining  dry 
periods  at  least  adults  are  found  long  distances  from  suitable  breeding 
places,  presumably  coursing  over  considerable  areas  as  a  result  of 
the  reduced  food  supply.  The  dry  periods  of  midsummer  and  fall, 
supplemented  by  the  cooler  temperatures  prevailing  toward  the 
end  of  the  season,  would  all  combine  to  reduce  the  number  of  small 
insects  upon  which  dragon  flies  feed,  and  these  conditions  alone  would 
account  for  a  general  southward  drift.  Even  if  they  were  not  affected 
to  some  extent  by  favorable  winds  and  at  times  by  storms,  it  would 
be  very  easy  for  combinations  of  these  factors  to  bring  about  such 
occasional  flights  of  dragon  flies  and  in  the  fall  at  least  the  tendency 
would  more  likely  be  southerly  than  in  any  other  direction. 

Assuming  that  individual  dragon  flies,  issuing  from  nymphs  in 
northern  areas,  successfully  made  their  way  to  warmer  sections 
where  they  were  able  to  winter  —  which  by  the  way  has  not  been 
established  —  the  conditions  obtaining  in  the  spring  would  be  such 
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that  either  overwintering  individuals  or  those  developing  in  early 
spring  would  very  likely  follow  northward  the  appearance  of  some¬ 
what  abundant  food  which  accompanies  the  advance  of  spring. 
The  incentive  toward  northern  flight  would  in  this  respect  be 
practically  identical  with  that  of  many  birds.  Even  restricted 
movements  northward  might  easily  lead  to  the  conclusion  that 
there  was  a  general  dragon  fly  migration,  whereas  investigations 
may  prove  that  normally  this  is  but  a  series  of  minor  migrations, 
the  insects  in  different  latitudes  covering  relatively  short  distances, 
although  the  sequences  might  lead  one  to  infer  that  these  move¬ 
ments  represented  a  general  migration.  Systematic  observations, 
supplemented  by  marking  considerable  numbers  of  insects,  should 
result  in  obtaining  some  conclusive  data. 

The  marked  periodicity  in  the  appearance  of  midges  and  mosquitoes 
and  the  somewhat  close  restriction  of  these  insects  to  marshy  areas 
should  also  be  taken  into  account  in  considering  dragon  fly  move¬ 
ments.  Judging  from  the  behavior  of  birds,  it  is  fair  to  assume  that 
the  swift  flying  dragon  flies  would  naturally  concentrate  in  areas 
where  there  was  an  abundance  of  food,  and  in  the  case  of  those  species 
developing  in  an  aquatic  environment  there  is  no  question  as  to  the 
great  fluctuations  in  the  abundance  of  the  adults.  When  the  small 
flies  have  mostly  dispersed  in  such  areas,  general  movements  in  the 
search  of  better  feeding  grounds  would  naturally  be  expected.  This 
alone  might  readily  explain  some  of  the  supposed  migrations,  and 
such  movements,  even  if  of  no  great  extent,  would  be  largely  seasonal. 

Orthoptera 

Locust  or  Grasshopper  Movements.  These  are  so  general  and 
well  known  that  a  summary  of  available  information  is  sufficient. 
The  reports  of  the  United  States  Entomological  Commission  contain 
a  vast  fund  of  information  in  regard  to  the  Rocky  mountain  locust 
and  also  much  of  value  in  relation  to  most  of  the  more  destructive 
species  found  in  other  parts  of  the  world.  The  general  deductions 
formulated  by  Packard  and  Thomas  are  extremely  interesting. 
They  state  that  Melanoplus  spretus  Uhl.  seldom  migrates 
except  when  the  air  is  in  motion  and  that  as  a  rule  the  insects  depend 
almost  wholly  upon  the  wind,  simply  using  their  wings  to  sustain 
themselves  and  generally  heading  into  the  wind  and  drifting  back¬ 
wards.  In  light  winds  they  usually  head  with  the  wind  and  use  their 
wings  to  accelerate  their  movements.  The  authors  cite  data  to  show 
that  locusts  may  attain  considerable  heights,  possibly  two  miles, 
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frequently  flying  to  such  a  height  as  to  be  out  of  sight,  that  their 
flights  may  be  continued  for  several  days  over  a  distance  of  several 
hundred  miles  and  that  they  often  fly  at  night.  Furthermore,  they 
state  that  a  sudden  change  of  wind  or  temperature  or  an  increase  in 
moisture  usually  brings  down  flying  swarms  and  that  timber  belts 
have  a  tendency  to  obstruct  their  movements  and  to  limit  their 
migration.  This  last  is  possibly  explainable  in  part  by  the  lower 
temperatures  and  greater  moisture  usually  prevailing  over  timbered 
areas.  An  examination  of  a  map  showing  the  permanent  breeding 
grounds  of  this  insect  and  the  areas  invaded  indicates  usually  a 
southeasterly  flight,  that  is,  drifting  with  a  northwesterly  wind,  the 
distance  covered  being  at  least  1000  miles  or  more.  It  is  the  writer’s 
opinion  that  the  velocity  of  movement  and  the  distances  covered 
were  greatly  underestimated,  probably  because  the  figures  were 
based  largely  upon  surface  velocities  which  are  manifestly  much 
too  low  for  insects  or  winds  at  some  altitude  above  the  surface. 
It  also  seems  probable  that  the  altitude  two  miles  is  excessive,  though 
not  impossible. 

Observations  by  Corkins  (Can.  Ent.,  1922,  54:1-4)  in  North 
Dakota  indicate  that  the  grasshoppers  take  flight  in  a  stiff  breeze, 
the  rate  of  flight  near  the  ground  being  approximated  at  20  miles 
an  hour  and  the  thickest  part  of  the  swarm  from  500  to  800  feet  high, 
the  maximum  altitude  being  1650  feet  above  the  ground. 

The  movements  of  the  Rocky  mountain  locust  agree  very  well 
with  those  of  Old  World  species.  Scudder  cites  a  well-authenticated 
case  of  a  swarm  of  grasshoppers  occurring  at  sea  1200  miles  from  the 
nearest  land.  In  the  case  of  the  locust  devastations  on  the  island  of 
Teneriffe  in  1649,  the  insects  were  seen  coming  from  the  direction  of 
Africa  some  200  miles  distant.  These  two  suggest  most  strongly 
that  insects  are  capable  of  maintaining  themselves  in  the  air  for  hours 
and  presumably  drifting  with  considerable  velocity,  although  there 
is  a  record  of  their  alighting  upon  the  water  and  apparently  remaining 
over  night.  This  latter  is  possible  and  may  be  more  general  among 
insects  than  has  been  suspected,  although  there  is  nothing  in  view 
of  the  rapid  drifting  mentioned  above  to  necessitate  a  rest  if  the 
insects  possess  only  a  moderate  ability  to  sustain  themselves  in  the 
air. 

The  early  studies  of  the  Rocky  mountain  locust  demonstrated 
not  only  a  movement  into  new  feeding  grounds  but  also  a  return, 
and  through  this  Packard  and  Thomas  were  able  to  satisfy  them¬ 
selves  that  migrations  over  a  distance  of  at  least  1000  miles  occurred, 
the  return  generally  being  toward  the  permanent  breeding  ground. 
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The  large,  widely  distributed  Schistocerca  tartarica 
Linn.,  with  a  length  of  four  inches,  may  drift  long  distances.  There 
is  a  record  by  Willis  E.  Hurd  (1917,  p.  n)ofa  swarm  of  these  notor¬ 
ious  wanderers  in  latitude  20°  57'  N.,  longitude  390  28'  W.,  some 
1200  miles  from  the  African  coast,  evidently  having  drifted  on  an 
east-northeast  wind.  It  has  been  taken  far  out  at  sea  on  other 
occasions. 

Even  cockroaches  may  react  to  the  migratory  instinct.  Howard 
(1895,  p.  349)  records  large  numbers  of  the  croton  bug,  B  1  a  1 1  e  1 1  a 
germanica  Linn.,  issuing  from  the  rear  of  an  old  restaurant 
fronting  upon  Pennsylvania  avenue,  Washington,  D.  C.,  and  moving 
across  a  muddy  street  undeterred  by  pools  of  water,  etc.  The  march 
continued  for  two  or  three  hours,  many  thousands  crossing  and 
nearly  all  being  females. 

SUMMARY 

The  foregoing  demonstrates  that  winds,  especially  those  of  the 
upper  air,  are  ample  to  account  for  the  occasional  and  possibly  some¬ 
what  general  extended  movements  of  insects.  There  is  no  necessity 
for  limiting  such  movements  to  species  possessing  superior  flying 
ability  since  the  probabilities  are  that  the  purposive  flight  of  an 
insect  —  the  distance  covered  by  its  own  efforts  —  is  relatively  insig¬ 
nificant.  The  fact  that  most  of  the  extended  drifts  or  flights  of  insects 
are  recorded  for  the  larger,  presumably  stronger-flying  forms  by 
no  means  invalidates  the  above  since  it  is  only  the  larger  forms 
which  would  ordinarily  attract  notice.  The  occurrence  of  a  Tri- 
chopteron,  a  Microlepidopteron  and  a  plume  moth,  all  small,  relatively 
inefficient  flyers,  on  the  Kentish  Knock  Lightship  21  miles  from  the 
nearest  land  suggests  the  possibilities  in  this  direction.  The  same 
condition  is  true  for  the  Rebecca  Shoal  Light  Station  with  the  occur¬ 
rence  there  of  such  inefficient  flyers  as  a  lacewing,  a  damsel  fly  and 
fragile  gnats.  A  similar  condition  over  a  wide  stretch  of  water  is 
shown  by  the  observations  of  Doctor  McAtee.  Ordinarily  the  small 
insects  would  be  overlooked  and  consequently  an  absence  of  record 
is  not  necessarily  significant. 

The  very  general  distribution  of  certain  small  midges  and  also  of 
spiders  mentioned  above  is  at  least  presumptive  evidence  that  some 
of  these  small  forms  are  carried  as  great  distances  as  is  the  case  with 
larger  insects. 

The  causes  leading  to  general  movements  of  insects  are  worthy  of 
consideration.  In  the  case  of  a  number  of  aphids  with  alternate 
food  plants,  it  is  usually  assumed  by  entomologists  that  migration 
follows  overcrowding  and  is  a  decided  advantage  to  the  species  in 
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that  numerous  parasites  and  other  natural  enemies  are  left  behind. 
There  appears  to  be  among  insects  a  somewhat  definite  reaction  when¬ 
ever  crowding  occurs  and  it  may  be  that  this  intolerance  in  the  case 
of  thousands  or  millions  of  adult  butterflies  or  other  insects  in  a 
restricted  area  results  in  a  greater  readiness  to  yield  themselves  to 
air  currents,  and  as  a  consequence  there  may  be  extended  drifting. 
This  may  explain  the  movements  of  the  cotton  moth,  the  monarch 
butterfly  and  a  number  of  other  free-flying  forms  when  so  abundant 
as  to  be  too  close  together  for  comfort.  The  effect  of  crowded  con¬ 
ditions  is  also  seen  in  the  swarms  leaving  the  nests  of  bees  and  ants, 
though  here  there  may  be  another  influence,  namely,  a  more  or  less 
determinate  sexual  reaction.  This  latter,  except  as  it  may  excite 
to  unusual  activity,  however,  has  little  part  in  the  drifting  of  swarms 
of  Trichoptera  or  “  sand  flies  ”  and  May  flies  from  the  vicinity  of 
rushing  waters  to  the  heart  of  nearby  cities,  a  very  common  occur¬ 
rence,  which  may  perhaps  be  explained  best  as  a  blind  reaction  to 
overcrowding  rather  than  a  deliberate  attempt  at  migration. 

The  presence  of  a  few  individuals  at  great  distances  from  their 
normal  habitat  may  be  readily  explained  as  due  possibly  to  the 
dispersive  effect  of  wind  currents  dropping  a  few  at  long  distances 
from  the  mass,  or  it  may  be  that  occasional  individuals  when  in  the 
normal  habitat  fail  to  keep  near  enough  to  earth  and  allow  themselves 
to  be  carried  by  air  currents. 

The  numerous  water-swept  insects  along  the  littoral  and  others 
in  deserts  is  conclusive  evidence,  taken  in  connection  with  the 
data  obtained  from  lighthouse  keepers  and  observers  upon  ships, 
that  many  insects  are  relatively  free-flyers.  There  must  be  an 
appreciable  aerial  insect  population.  Air  transportation  varies 
considerably,  it  being  much  greater  when  species  reacting  to  some 
impulse  fly  or  allow  themselves  to  drift  in  large  numbers.  More 
quantitative  studies  of  lake  drift  in  particular  would  make  possible 
rather  accurate  estimates  of  the  numbers  of  insects  generally  occur¬ 
ring  in  the  air.  Somewhat  the  same  type  of  data  may  be  secured 
by  collections  upon  glaciers  or  mountain  tops. 

There  is  no  question  that  there  are  marked  annual  movements 
or  seasonal  migrations  north  and  possibly  south,  the  latter  by  no 
means  proved,  by  the  monarch  butterfly.  The  same  is  stated  to 
be  true  of  dragon  flies,  although  there  is  even  less  evidence.  Certain 
insects  appear  to  approximate  the  seasonal  movements  of  birds, 
although  it  has  not  been  established  that  in  the  case  of  either  butter¬ 
flies  or  dragon  flies,  individuals  make  most  of  the  trip  either  north 
or  south  or  that  individuals  moving  south  in  the  autumn  survive 
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and  migrate  northward  in  the  spring.  No  available  data  indicate 
this  to  be  impossible  or  even  improbable.  On  the  other  hand,  this 
movement  may  be  a  migration  of  species  rather  than  of  individuals. 
Even  here  it  may  be  a  more  or  less  unintelligent  reaction  to  prevailing 
air  currents  and  other  natural  agencies  rather  than  a  purposive 
north  and  south  migration.  The  instinctive  following  of  a  leader, 
once  movement  has  been  established  from  a  densely  populated  area, 
may  explain  many  supposed  migrations. 

The  movements  or  migrations  of  the  monarch  and  dragon  flies 
suggest  that  something  of  the  kind  may  obtain  in  the  case  of  other 
insects.  This  is  most  probably  true.  The  activities  of  the  larger 
forms  are  more  easily  noted  and,  correctly  interpreted,  should  lead 
to  sound  conclusions  in  the  case  of  the  less  abundant  species. 
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THREE  JAPANESE  BEETLES  NEW  TO  NEW  YORK  STATE 

By 

Ephraim  Porter  Felt  D.Sc.,  State  Entomologist ,  New  York  State 

Museum 

There  has  been  a  remarkable  development  in  the  southeastern 
portion  of  New  York  State. 

Two  Japanese  beetles  were  found  or  recognized  for  the  first  time 
in  this  area  during  the  summer  of  1926  and  this  was  followed  by 
the  discovery  later  of  a  number  of  infestations  by  the  much  better 
known  Japanese  beetle,  Popillia  japonica  Newm.,  a 
destructive  insect  which  has  been  known  for  a  decade  in  portions  of 
New  Jersey.  This  last  is  much  more  destructive  to  foliage  at  least 
and  probably  to  sod  lands  than  the  other  two.  The  beetles  of  the 
latter  feed  to  a  relatively  small  degree  upon  foliage,  although  the 
grubs  are  very  destructive  to  sod  and  those  of  both  species  have 
caused  appreciable  injury  to  lawns  in  the  infested  area.  The  three 
are  somewhat  closely  related  and  have  so  much  in  common  that 
accounts  of  all  have  been  included  in  this  general  paper. 

JAPANESE  BEETLE 
Popillia  japonica  Newm. 

Five  counties,  Nassau,  Queens,  Kings,  Richmond  and  New  York, 
and  a  part  of  a  sixth,  Westchester,  are  under  drastic  regulations 
because  the  Japanese  beetle  was  found  last  summer  somewhat 
abundantly,  and  widely  distributed  over  this  area.  These  quarantine 
restrictions  prohibit  the  movement  to  points  outside  the  restricted 
area  of  green,  sweet  or  sugar  corn,  peas  and  beans  in  the  pod,  cabbage, 
parsley,  carrots  with  tops,  beets  with  tops,  onions  with  tops,  lettuce, 
out-door  grown  flowers,  hay,  straw,  unthreshed  grains  and  forage 
crops,  between  June  15th  and  October  15th  without  inspection  and 
certification,  and  furthermore  provide  for  an  embargo  upon  ship¬ 
ments  from  freight  yards  and  markets  when  large  numbers  of  beetles 
are  on  the  wing  and  there  is  an  unusual  risk  of  spreading  the  insect. 
There  are  also  restrictions  on  the  shipments  of  sand,  soil,  earth, 
peat,  compost  and  manure  to  points  outside  the  regulated  area 
and  there  are  requirements  respecting  the  cleaning  of  cars  and  other 
vehicles  passing  the  quarantine  line.  There  are  in  addition  drastic 
regulations  in  relation  to  the  transportation  of  nursery  and  orna¬ 
mental  stock. 
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The  conditions  outlined  above  are  bound  to  arouse  a  very  con¬ 
siderable  amount  of  interest  in  this  small  greenish  beetle,  only 
about  three-eighths  of  an  inch  long  and  most  easily  recognized  by 
the  shining  greenish  color  of  the  head  and  thorax,  the  coppery  brown 
tinged  with  green  of  the  strongly  ridged  wing  covers  and  the  series 
of  whitish  spots  usually  showing  around  the  edge  of  the  posterior 
extremities  of  the  wing  covers.  This  insect,  a  native  of  Japan,  was 
discovered  near  Riverton,  N.  J.,  in  1916.  The  destructive  nature 
of  the  beetle  was  recognized  early  and  the  state  of  New  Jersey 
in  cooperation  with  the  Federal  Department  of  Agriculture  has 
endeavored  in  every  practical  manner  to  prevent  its  spread.  Through 
careful  and  long  continued  study  the  authorities  have  ascertained 
the  habits  of  the  insect  and  the  possibilities  of  control  and  in  addition 
have  spent  considerable  sums  in  introducing  and  establishing  para¬ 
sites  which  eventually  may  become  important  factors  in  keeping 
this  insect  somewhat  within  bounds. 

History  in  this  Country 

The  infested  area  in  1916  was  estimated  to  be  less  than  one  square 
mile.  It  more  than  doubled  the  next  year  and  the  following  year 
included  nearly  seven  square  miles.  In  1919  it  was  found  over  more 
than  48  square  miles,  and  in  1920  it  had  crossed  the  Pennsylvania 
line,  increasing  the  total  infested  area  to  114  square  miles.  This 
was  further  increased  in  1921  to  270  square  miles  and  in  1922  to 
773  square  miles.  The  following  year,  1923,  there  were  1744  square 
miles  infested. 

The  infested  area  then  included  many  New  Jersey  townships,  a 
number  of  Pennsylvania  townships  and  one  in  Delaware.  The 
following  year  there  were  additional  extensions  in  these  three  states. 

The  spread  this  year,  as  determined  by  scouting,  is  at  least  50 
miles  beyond  that  known  in  1925.  The  infested  territory  included 
the  southwestern  corner  of  Connecticut,  southeastern  New  York, 
southeastern  Pennsylvania,  a  portion  of  Delaware  and  all  of  New 
Jersey,  and  comprises  some  10,000  square  miles. 

Japanese  beetles  fly  readily  and  take  to  the  air  when  disturbed 
in  much  the  same  way  as  bees.  Consequently  the  limits  of  flight 
or  drift  can  be  approximated  only.  It  is  well  recognized  that  beetles 
may  be  carried  with  produce  and  in  vehicles,  especially  automobiles, 
and  while  such  movement  may  be  regulated  to  some  extent,  an 
impassable  barrier  is  out  of  the  question.  Moreover,  the  grubs  are 
easily  carried  in  soil  about  the  roots  of  plants  or  even  in  soil  without 
roots,  this  latter  accounting  for  the  stringent  regulation  in  relation 
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to  the  shipment  of  nursery  stock,  soil  etc.  outside  the  infested  area. 
The  best  that  can  be  done  is  to  check  distribution,  and  judging 
from  the  history  of  the  insect  in  this  country,  very  considerable  exten¬ 
sion  of  the  infested  area  may  be  expected  from  year  to  year. 

It  should  be  remembered  the  probabilities  favor  spread  from 
thickly  infested  areas  rather  than  from  the  outside  sparsely  infested 
sections.  Consequently  the  actual  distance  covered  by  the  insect 
in  its  movements  may  be  considerably  greater  than  that  indicated 
by  the  average  extension  of  the  infested  areas. 

Quarantined  Area  in  New  York  State 

The  fifth  revision  of  quarantine  no.  48,  effective  on  and  after 
October  11,  1926,  limits  the  regulated  area  in  New  York  State  and 
Connecticut  as  follows : 

From  the  southern  shore  of  Long  Island,  north  along  the  Nassau- 
Suffolk  county  line  to  Long  Island  Sound;  across  Long  Island  Sound 
to  the  Connecticut  shore,  following  the  eastern  boundary  of  Stam¬ 
ford  township,  Conn.,  to  the  New  York  State  line;  thence  along 
the  New  York  State  line  north  to  the  northern  boundary  line  of 
the  township  of  Lewisboro;  west  on  this  township  line  to  the 
Croton  river;  down  the  Croton  river  to  the  Hudson  river,  south 
on  the  Hudson  river  to  the  New  York-New  Jersey  state  line. 

The  regulated  area  in  New  Jersey  extends  from  this  point 
northwest  on  the  New  York-New  Jersey  line  to  the  Delaware 
river  near  Port  Jervis,  N.  Y.  This  latter  indicates  that  another 
and  considerable  proportion  of  New  York  State  is  adjacent  to 
the  regulated  area. 

Means  of  Dispersal 

The  Japanese  beetles  are  strong  fliers,  and  are  particularly  active 
during  hot  days.  They  fly  from  tree  to  tree  and  from  one  place  to 
another  in  search  of  suitable  food.  Individual  beetles  have  been 
followed  in  New  Jersey  for  more  than  one-half  a  mile. 

This  tendency  to  fly  considerable  distances  is  more  marked  the 
latter  part  of  July  and  in  August  than  during  the  earlier  period 
when  the  insects  are  upon  the  wing.  The  rate  of  spread  has  been 
approximately  from  10  to  15  miles  each  season  except  in  1926  as 
pointed  out  above.  It  is  believed  that  flight  is  one  of  the  important 
factors  in  the  dispersal  of  these  pests,  and  with  the  records  of  the 
beetles  swarming  occasionally  in  cities,  it  is  quite  possible  that 
considerable  greater  distances  are  covered  in  individual  flight  than 
indicated  by  the  above  figures.  In  addition,  streams  undoubtedly 
are  responsible  for  considerable  spread  by  drifting. 
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Artificial  agencies  are  by  no  means  unimportant.  Japanese 
beetles  are  strongly  attracted  to  green  corn  and  it  is  easy  for  them 
to  become  established  in  the  tip  and  transported  long  distances. 
There  is  also  danger  of  the  beetle  being  carried  with  other  produce. 
These  possibilities  are  the  basis  for  the  rigid  restrictions  in  relation 
to  the  shipment  of  certain  garden  produce  during  the  period  the 
beetles  are  in  flight,  namely  from  about  June  15th  to  October  15th. 

The  ready  flight  of  the  beetle  results  in  its  entering  vehicles 
traversing  the  badly  infested  area,  and  although  many  may  leave 
shortly,  there  is  always  a  chance  that  one  or  more  may  lodge  in  the 
comer  of  a  cushion  or  some  protective  shelter  and  be  transported 
very  considerable  distances. 

It  is  difficult  to  determine  the  relative  efficiency  of  these  various 
means  of  dispersal.  It  appears  quite  probable  that  flight  or  drifting 
with  the  wind  is  an  important  factor,  perhaps  the  most  important, 
although  the  danger  of  the  insects  being  transported  with  produce 
and  by  vehicles  etc.  can  not  be  ignored. 

The  occurrence  of  the  grubs  in  the  soil  and  their  ability  to  sub¬ 
sist  upon  decaying  organic  matter  as  well  as  upon  living  roots  make 
it  relatively  easy  for  the  immature  stages  to  be  transported  in  the 
soil  about  the  roots  of  plants  and  in  shipments  of  manure  or  other 
vegetable  matter  from  sections  where  the  insect  is  somewhat  well 
established.  These  conditions  explain  the  restrictions  imposed  upon 
the  shipments  of  nursery  stock  and  soil  from  infested  areas. 

Food  Habits  and  Abundance 

The  beetles  display  a  marked  preference  for  early  apple  and  peach, 
sweet  cherry,  plum,  grape,  blackberry,  linden,  birch,  oak,  elm, 
horse-chestnut,  willow  and  rose,  although  they  have  been  recorded 
as  feeding  upon  some  two  hundred  different  species  of  plants  (see  figs. 
24-29). 

A  bad  infestation  by  Japanese  beetles  is  comparable  in  a  general 
way  to  outbreaks  by  the  well-known  rose  beetle,  except  that  in  the 
case  of  the  latter  there  are  much  greater  restrictions  as  to  the  char¬ 
acter  of  the  soil  and  the  varieties  of  plants  which  may  be  affected. 
Only  occasionally  does  the  rose  beetle  become  so  extremely  numerous 
as  does  the  Japanese  beetle  in  the  worst  infested  sections,  for  example, 
about  one  and  one-third  gallons  of  beetles  have  been  taken  from  each 
of  156  ten-year-old  peach  trees  and  24  hours  later  the  trees  were 
about  as  heavily  infested.  The  insects  cluster  upon  the  fruit  and 
as  many  as  278  beetles  have  been  collected  on  a  single  apple. 
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Japanese  beetles  have  a  somewhat  characteristic  method  of  feeding. 
They  skeletonize  the  foliage.  When  the  leaves  are  severely  eaten 
they  turn  brown  so  that  affected  trees  from  a  distance  bear  much  the 
same  appearance  as  New  York  orchards  which  have  been  severely 
attacked  by  canker  worm.  Like  the  rose  beetle  this  insect  also 
attacks  the  fruit,  the  early  ripening  varieties  being  severely  injured 
and  almost  all  the  epidermis  and  the  pulp  being  eaten  away  on  badly 
infested  trees. 

Since  grubs  of  the  Japanese  beetle  feed  upon  the  roots  of  grasses, 
many  lawns  have  been  badly  damaged  (figures  31,  32).  There  have 
been  as  many  as  1531  grubs  found  in  a  measured  square  yard  of 
lawn,  and  as  many  as  717  in  a  square  yard  of  pasture  land.  There 
are  records  of  serious  injury  to  the  roots  of  strawberry  plants,  beans 
and  other  vegetable  crops  and  ornamental  plants.  The  damage  is 
roughly  proportional  to  the  abundance  of  the  insects. 

Life  History  and  Habits 

The  life  cycle  of  this  pest  is  completed  in  a  year,  most  of  which 
is  spent  in  the  soil  as  an  egg,  grub  and  pupa,  although  the  beetles 
are  above  ground  from  the  latter  part  of  June  until  early  in  October. 
The  beetles  feed  for  several  days  to  a  week  before  egg-laying  begins. 
The  eggs  are  usually  deposited  in  uncultivated  places,  such  as  grasses, 
fields,  or  weedy  areas  along  roadways,  the  moist  places  in  swampy 
ground  and  in  soil  containing  humus.  Each  beetle  deposits  from 
30  to  60  eggs.  Young  grubs  hatch  some  two  weeks  later  and  feed 
on  decaying  matter  in  the  soil  and  on  live  plant  roots.  Late  in  the 
fall  they  form  earthen  cells  one  and  one-half  to  12  inches  below  the 
surface,  in  which  they  pass  the  winter.  The  nearly  full-grown  grubs 
ascend  to  near  the  surface  in  early  spring,  late  March  or  early  April, 
and  resume  feeding.  The  older  grubs  complete  their  growth  by 
early  June  and  transform  in  earthen  cells  to  the  pupa  and  then 
two  weeks  later  to  the  adult  (see  fig.  30). 

Description 

The  adult  is  a  beautiful  insect  about  the  size  of  a  potato  bug, 
namely  about  three-eighths  of  an  inch  long  but  more  slender.  The 
head  and  thorax  are  a  shining  brownish  green  and  the  elytra  or  wing 
covers  are  brown  tinged  with  green  at  the  edges.  There  are  con¬ 
spicuous  whitish  spots,  usually  not  concealed,  on  the  sides  and  at 
the  tip  of  the  abdomen.  These  latter  afford  a  ready  means  of  dis¬ 
tinguishing  between  this  and  other  similarly  colored  native  beetles. 
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The  eggs  are  milky  white  and  measure  about  one-twenty-fourth  by 
one-sixteenth  of  an  inch.  ^ 

The  grubs  range  in  size  from  tiny  recently  hatched  individuals 
to  those  nearly  an  inch  long  when  full  grown.  They  are  white 
with  a  more  or  less  conspicuous  bluish  or  blackish  cast,  especially 
at  the  posterior  end,  and  the  head  is  reddish  brown.  These  grubs 
closely  resemble  our  native  white  grub  of  the  field,  though  they  are 
much  smaller  (see  figs.  31,  32). 

The  pupa  is  a  pale  tan  color  generally  resembling  in  shape  the 
beetle  which  is  to  appear  later. 

Natural  Enemies 

Since  the  Japanese  beetle  is  not  an  important  pest  in  its  native 
country  it  is  evident  that  some  causes,  possibly  climatic  assisted 
by  various  natural  enemies,  keep  it  from  becoming  destructive. 

The  probable  value  of  natural  enemies  was  so  great  that  the 
Government  has  been  systematically  importing  and  attempting 
to  establish  in  the  New  Jersey  area  a  number  of  parasitic  insects 
and  predators  native  to  Japan.  It  is  quite  possible  that  one  or 
more  of  these  may  prove  important  in  controlling  this  pest,  although 
the  work  has  not  progressed  far  enough  to  permit  any  positive 
statements. 

Birds  appear  to  be  the  most  important  natural  enemies  native 
to  the  United  States.  The  purple  grackle  or  crow  blackbird,  the 
starling,  the  king  bird,  and  cardinal  are  all  common  wherever  the 
beetle  is  abundant  and  remains  of  this  insect  have  been  found  in  the 
stomachs  of  several.  The  meadow  lark  and  catbird  also  feed  upon 
Japanese  beetles.  The  English  sparrow  and  several  other  birds 
have  also  been  recorded  as  feeding  upon  Japanese  beetles. 

Control  Measures 

Experience  in  the  badly  infested  areas  shows  that  one  spraying 
with  poison  the  latter  part  of  June  and  early  in  July  with  three  pounds 
of  arsenate  of  lead  and  two  pounds  of  flour  to  50  gallons  of  water 
affords  excellent  protection  if  the  insecticide  is  not  washed  off  by 
rains.  Otherwise  it  may  be  necessary  to  repeat  the  treatment. 
The  commercial  orchard! st  has  little  to  fear  from  this  insect,  although 
it  may  be  necessary  to  make  some  adjustments  in  his  spraying 
schedules.  It  is  necessary  to  spray  apple  trees  before  infestation 
in  order  to  protect  foliage  and  fruit  and  in  New  Jersey  this  should 
be  not  later  than  June  2  5th.  Carman  peaches  or  fruits  which  ripen 
later  in  the  season  may  be  sprayed  with  one  and  one-half  pounds  of 
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powdered  arsenate  of  lead,  two  pounds  of  flour  and  three  pounds  of 
stone  lime  to  50  gallons  of  water.  In  most  cases  this  can  be  applied 
on  late  ripening  fruit  up  to  June  25th. 

Elms  may  be  protected  from  this  insect  as  well  as  from  the  elm 
leaf  beetle  and  in  most  cases  it  is  probable  that  one  spraying  will 
care  for  both  insects.  A  Japanese  beetle  infestation,  however,  so 
far  as  shade  trees  are  concerned,  would  necessitate  spraying  some 
others  in  addition  to  elm,  especially  linden,  horsechestnut  and  willow. 
The  recently  developed  coated  arsenate  of  lead  has  proved  excellent 
for  shade  trees. 

Experience  in  New  Jersey  suggests  that  three  seasons  may  elapse 
between  the  sparse  infestation  and  a  great  abundance  of  the  pest. 
Since  swarms  of  these  insects  are  most  favorable  to  the  future  spread, 
it  is  by  all  means  advisable  to  begin  spraying  early  in  the  history 
of  an  infestation  and  thus  not  only  check  spread  but  prevent  probably 
serious  local  injury. 

The  injury  to  lawns  by  grubs  must  not  be  overlooked.  A  practical 
method  of  destroying  the  pests  on  golf  greens  has  been  worked  out 
by  federal  agents.  It  consists  of  treating  the  soil  with  a  diluted 
solution  of  carbon  disulfide  emulsion.  This  is  prepared  “  by  mixing 
one  part  by  volume  of  cold-water-soluble  resin-fish  oil  soap,  three 
parts  of  water,  and  ten  parts  of  carbon  disulfide.  The  soap  and  water 
should  be  agitated  in  a  chum  (an  ice  cream  freezer  is  also  very  satis¬ 
factory  for  this  purpose)  until  an  even  mixture  is  obtained;  to  this 
the  carbon  disulfide  is  added  and  the  whole  churned  until  it  emulsifies, 
as  indicated  by  a  change  in  color  and  a  creamlike  consistency  of  the 
liquid.  One  quart  of  the  emulsion  thus  obtained  is  stirred  into 
50  gallons  of  water,  and  the  resulting  mixture  is  applied  at  the  rate 
of  three  pints  to  each  square  foot  of  turf.  To  treat  a  golf  green 
properly  the  turf  should  be  maintained  in  a  moist  condition  for  at 
least  ten  days  prior  to  the  application  of  the  insecticide.  The  green 
should  then  be  laid  off  into  areas  of  about  1200  square  feet  and  the 
proper  quantity  of  solution  applied  to  each  area.”  An  attachment 
has  been  devised  for  regulating  the  quantity  of  insecticide  entering 
the  water  stream,  thus  permitting  a  direct  connection  with  a  water 
main  and  eliminating  the  necessity  of  a  tank.  A  method  is  being 
worked  out  for  treating  soil  with  a  poison  and  thus  rendering  it  grub- 
proof  for  several  years.  This  is  especially  desirable  for  lawns  and 
golf  courses. 

Quarantine  regulations  require  treatment  for  the  destruction  of 
the  grubs  for  all  classes  of  nursery  stock  which  are  commonly  shipped 
with  soil  about  the  roots.  Carbon  disulfide  emulsion  is  being  used 
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extensively  for  this  purpose  for  such  plants  as  arbor  vitae,  spruce, 
hemlock,  rhodora,  azalea,  blueberry,  hydrangea,  ferns  and  similar 
plants  besides  various  potted  stock.  This  carbon  disulfide  emulsion 
is  prepared  as  follows:  A  stock  soap  solution  is  made  by  adding 
12.5  grams  of  resin-fish  oil  soap  to  87.5  cubic  centimeters  of  water, 
heating  until  dissolved  and  allowing  the  solution  to  cool.  Add  20 
cubic  centimeters  of  this  stock  solution  to  50  cubic  centimeters  of 
carbon  disulfide  and  emulsify  by  agitation.  Larger  quantities  may 
be  emulsified  by  using  a  butter  churn  or  ice  cream  freezer.  The 
completed  emulsion  is  white  and  has  the  consistency  of  thick  cream. 

A  soap  wormseed  emulsion  containing  0.5  cubic  centimeters  of 
ascaridole,  the  active  ingredient  of  the  oil  of  wormseed  to  three 
liters  of  water  kills  the  grubs  providing  the  temperature  of  the  dip 
is  maintained  between  65  0  and  70°  F.  Japanese  iris  and  sedum  should 
be  immersed  for  15  hours  and  perennial  phlox  from  nine  to  18  hours, 
depending  upon  the  quantity  of  soil  present  on  the  roots.  The 
amount  of  soap  needed  varies  and  it  is  necessary  to  test  each  lot  before 
emulsifying  a  quantity  of  wormseed  oil. 
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ASIATIC  BEETLE 

Anomala  orientalis  Waterhouse 

Great  interest  was  aroused  in  this  recently  introduced  beetle  when 
specimens  were  found  at  Jericho,  Long  Island,  in  July  and  later 
discovered  to  be  somewhat  abundant  in  New  Rochelle,  Mount 
Vernon  and  White  Plains,  Westchester  county,  especially  as  this 
insect  had  been  discovered  in  1920  in  New  Haven,  Connecticut,  and 
up  to  the  past  summer  was  supposed  to  occur  nowhere  else  on  Ameri¬ 
can  soil. 
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This  insect  is  a  native  of  Japan  and  was  very  probably  introduced 
in  shipments  of  nursery  stock  having  soil  about  the  roots.  It  at¬ 
tracted  notice  in  Connecticut  first  in  the  fall  of  1922  when  the  grubs 
killed  grass  in  a  patch  some  eight  by  ten  feet  in  a  front  lawn.  The 
following  spring  other  residents  of  the  neighborhood  were  troubled 
by  similar  conditions.  The  infestation  in  Connecticut  appeared  to 
be  a  very  restricted  one  and  limited  to  a  few  city  blocks. 

History  in  New  York  State 

There  have  been  for  some  years  complaints  of  injury  to  lawns 
in  New  Rochelle  and  Mount  Vernon  and  invariably  the  reports  were 
made  so  late  in  the  season  that  little  could  be  done  in  identifying  the 
insect  responsible  for  the  damage.  It  was  assumed  in  some  cases 
that  the  trouble  was  due  to  the  work  of  one  of  our  native  species  of 
May  or  June  beetle. 

The  extensive  lawn  of  the  E.  H.  Gary  estate  at  Jericho  was  ser¬ 
iously  damaged  by  some  insect  in  1925,  and  owing  to  the  possibilities 
of  Japanese  beetle  infestation  in  that  section,  H.  L.  King  of  the 
United  States  Japanese  Beetle  Laboratory  made  an  examination 
in  July  1926  and  succeeded  in  finding  Asiatic  beetles  rather  common 
about  the  roots  of  the  grass  and  just  a  little  below  the  surface.  Col¬ 
lecting  in  company  with  C.  H.  Zimmer  on  July  2 2d,  the  writer  found 
thousands  of  the  beetles  upon  the  older  blossoms  in  the  rose  gardens. 
They  were  mostly  upon  the  somewhat  faded  white  roses,  only  a 
few  being  found  upon  the  others.  The  beetles  feed  to  a  slight  extent, 
the  work  of  five  of  these  pests  equaling  that  of  one  rose  beetle.  The 
Anomalas  sometimes  work  well  down  among  the  petals  but  more 
usually  they  were  clustered  at  the  base  of  the  recurved  petals  and 
sepals,  in  some  instances  nine  being  found  upon  an  individual  blossom. 
Observations  in  this  garden  showed  that  the  beetles  fly  somewhat 
readily  and  when  disturbed  would  easily  clear  a  hedge  several  feet 
in  height.  Examination  at  that  time  and  by  federal  scouts  later 
showed  that  the  infested  area  extended  for  more  than  a  mile  from  this 
apparent  center. 

The  conditions  at  Jericho  and  also  those  at  New  Rochelle  and 
Mount  Vernon  particularly  suggest  a  somewhat  different  behavior 
than  evidenced  by  the  very  restricted  distribution  of  this  insect 
observed  at  New  Haven. 

There  has  been  some  damage  by  this  insect  to  lawns  at  White 
Plains  and  one  individual  stated  that  he  had  known  of  this  type  of 
injury  for  ten  years.  This  statement  is  put  on  record,  not  that 
it  is  considered  conclusive  evidence  but  simply  that  it  gives  about 
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the  only  data  available  as  to  the  length  of  time  this  insect  may  have 
been  established  in  New  York  State.  It  is  possible  that  all  of  the 
known  American  infestations  by  this  insect  originated  from  ship¬ 
ments  of  one  season. 

Economic  Importance 

This  species  appears  to  be  of  economic  importance  largely  on 
account  of  the  damage  it  causes  in  lawns.  The  grubs  feed  upon 
the  roots  of  the  fine  grasses  and  sometimes  become  exceedingly  abund¬ 
ant.  Friend  records  as  many  as  1000  grubs  to  a  square  yard. 
Affected  lawns  show  bare  spots  here  and  there  with  a  growth  of 
various  coarse  weeds.  The  damage  from  spring  feeding  by  the 
grubs  is  not  so  evident  as  that  occurring  later  in  the  season.  Since 
adults  appear  to  fly  relatively  little,  infestation  is  quite  local,  at  least 
in  the  cases  coming  under  observation. 


Fig*  33  The  Asiatic  beetle,  Anomala  orientalis;  a,  adult  beetle; 
b,  egg;  c,  grub  or  larva;  all  enlarged  about  five  times.  (After  Britton) 


Description 

The  beetle  is  moderately  slender  with  a  length  of  one-fourth 
to  three-eighths  of  an  inch  and  is  yellowish  brown  with  various  black¬ 
ish  markings  ranging  to  almost  black.  The  color  varies  to  such 
an  extent  that  some  specimens  resemble  the  native  light-loving  Ano¬ 
mala  (Anomala  lucicola  Fabr.)  very  closely  (see  fig.  33). 
The  common  native  species  may  be  distinguished  readily  from  the 
recently  introduced  Asiatic  beetle  by  the  distinct  projection  of  the 
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metastemum  as  a  rounded,  somewhat  protuberant  process  between 
the  middle  coxae,  whereas  there  is  no  such  process  in  this  new  pest. 

The  grubs  present  an  appearance  very  similar  to  that  of  the  much 
larger  white  grub,  and  when  full  grown  are  about  an  inch  long. 
The  accompanying  illustration  gives  an  excellent  idea  of  the  beetle, 
its  egg  and  the  grub. 

Life  History 

There  appears  to  be  one  generation  annually,  although  Friend 
has  observed  indications  of  a  biennial  habit  in  a  portion  of  the  insects. 
The  beetles  appear  in  midsummer,  feed  to  some  extent  and  deposit 
their  eggs  at  or  near  the  roots  of  various  grasses.  The  grubs  may 
be  found  in  the  soil  in  the  early  fall  and  on  the  approach  of  cooler 
weather  descend  some  ten  inches  for  the  winter. 

Control 

The  very  limited  feeding  of  the  beetles  restricts  control  largely 
to  destruction  of  the  grubs  with  a  carbon-disulfide  emulsion  or  calcium 
cyanide  as  recommended  elsewhere  for  the  grubs  of  the  Japanese 
beetle. 
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JAPANESE  SERIGA 
Aserica  castanea  Arrow 

A  newly  introduced  insect  has  attracted  considerable  notice  in 
New  York  State,  although  it  was  reported  earlier  and  at  first  sup¬ 
posed  to  be  a  native  species. 

August  1923,  Thomas  Bicket,  256  Sickles  av.,  New  Rochelle, 
submitted  for  identification  specimens  of  a  small  brownish  beetle, 
stating  that  they  were  eating  his  dahlia  plants,  that  they  issued  from 
the  ground  at  night  and  flew  to  the  foliage  and  when  viewed  with  a 
flashlight  resembled  red  berries  on  the  plants.  The  insects  were 
also  troublesome  on  neighboring  property.  Later  he  stated  that 
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these  beetles  also  destroyed  asters,  calendula,  young  chrysanthemum 
plants  and  in  a  neighboring  garden  an  entire  patch  of  lettuce. 

The  insects  were  sent  to  Washington  and  identified  as  S  e  r  i  c  a 
parallela  Casey.  The  correspondence  was  with  Dr  M.  D. 
Leonard,  then  associate  state  entomologist  and  a  brief  account  of 
the  infestation  is  given  in  New  York  State  Museum  Bulletin  253, 
page  35,  1923. 

This  insect  attracted  notice  next  in  July  1926,  as  a  result  of  a 
Japanese  beetle  circular  falling  into  the  hands  of  Mrs  Louise  V. 
Ryan,  641  East  Lincoln  av.,  Mount  Vernon,  who  sent  specimens 
to  the  Japanese  Beetle  Laboratory  at  Riverton,  N.  J.,  accompanied 
by  the  statement  that  her  grounds  were  being  overrun  with  thousands 
of  the  beetles.  Suspecting  a  possible  Japanese  beetle  infestation, 
R.  J.  Sim  was  sent  to  Mount  Vernon,  and  his  report  together  with  a 
copy  of  the  letter  from  Mrs  Ryan  was  kindly  placed  at  our  disposal 
by  Dr  L.  B.  Smith,  in  charge  of  the  Japanese  beetle  work.  Similarity 
in  the  description  of  the  infestation  by  Mr  Sim  suggested  at  once  the 
earlier  account,  and  since  there  was  fortunately  a  good  series  of  the 
beetles  sent  in  by  Mr  Bicket  in  1923,  it  was  comparatively  easy 
to  establish  the  identity  of  the  insects  taken  then  with  those  found 
in  1926.  The  final  identification  was  made  by  Doctor  Arrow  of 
the  British  Museum. 

Description 

The  beetle  is  a  dull  reddish  brown  insect  about  three-eighths  of  an 
inch  long,  one-quarter  of  an  inch  wide  and  suggesting  in  a  general 
way  a  very  small  May  beetle  or  June  beetle  except  that  the  wing 
covers  bear  a  series  of  rather  strongly  marked  minutely  punctured 
longitudinal  grooves.  The  various  species  of  Serica  or  Aserica 
resemble  each  other  so  closely  that  no  one  but  an  expert  can  identify 
them  with  certainty. 

The  grubs  closely  resemble  those  of  the  much  larger  and  better 
known  white  grubs  of  June  beetles  and  like  them  feed  upon  the  roots 
of  various  plants,  especially  grasses. 

Habits 

The  beetles  occur  during  the  daytime  in  the  earth  about  the  base 
of  various  garden  plants,  usually  within  an  inch  of  the  surface. 
In  some  localities  they  must  be  extremely  numerous  since  Mr  Sim 
estimated  that  there  were  nearly  500  in  approximately  one  square 
yard  of  earth  about  the  base  of  a  clump  of  perennial  phlox.  The 
adults  appear  above  ground  in  early  evening  and  by  10  o’clock  may 
be  fairly  swarming  on  nearly  all  garden  plants  both  vegetable  and 
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flower,  on  the  lawns  and  to  some  extent  in  fruit  trees.  The  beetles, 
as  stated  above,  somewhat  resemble  red  berries  as  they  are  seen  upon 
the  foliage.  Mr  Sim  records  the  beetles  with  notes  as  to  the  extent 
of  feeding  upon  the  following  plants:  asters  (much),  sun  flower, 
chrysanthemum,  salvia,  sweet  william,  rose,  holly  hock,  phlox, 
English  primrose,  morning  glory,  marigold,  gaillardia,  carrots, 
raddish,  swiss  chard,  red  beets  (slightly),  beans  (slightly),  spearmint, 
peach,  plum,  apple  and  raspberry  trees,  common  ragwood  (Ambrosia). 

The  grubs  have  been  rather  definitely  associated  with  moderate 
or  severe  injury  to  the  lawns,  a  number  in  the  infested  section  showing 
areas  of  one  to  several  feet  of  yellowing  or  dead  grass. 

Distribution 

This  insect  is  generally  distributed  in  both  New  Rochelle  and 
Mount  Vernon,  in  the  latter  being  found  fully  15  blocks  from  the 
original  infestation.  G.  M.  Codding  of  the  Bartlett  Expert  Company 
records  observing  about  midnight  August  5th  50  to  100  beetles  at 
the  Columbus  Avenue  Station  in  Mount  Vernon  and  an  average  of 
ten  or  twelve  on  the  sidewalk  under  each  lamp  post.  It  has  been 
reported  from  Yonkers  by  Dr  Albert  Hartzell.  There  is  also  a  report 
of  the  species  being  found  in  two  northern  New  Jersey  localities. 

Economic  Status 

The  beetles  are  somewhat  voracious  feeders  and  when  abundant 
may  cause  considerable  injury  especially  to  plants  in  small  beds. 
Mr  Bicket  was  of  the  opinion  that  poison  gave  no  protection.  Very 
likely  the  insects  were  so  numerous  that  new  arrivals  concealed 
the  actual  killing.  It  is  quite  probable  that  calcium  cyanide  could 
be  used  advantageously  to  kill  the  beetles  when  sheltered  in  the 
soil  during  the  daytime.  This  can  be  used  to  the  best  advantage 
only  when  the  soil  is  somewhat  dry,  and  better  results  would  be 
secured  if  the  insecticide  was  covered  lightly.  The  amount  can  be 
determined  only  by  trials,  care  being  taken  not  to  apply  it  too  near 
to  the  stems  of  the  plants. 
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Fig.  24  Grape  leaf  destroyed  by  feeding  of 
the  Japanese  beetle.  The  soft  tissues 
have  all  been  eaten  and  only  the  net¬ 
work  or  veins  remain' 


Fig.  26  Japanese  beetles  feeding  on 
a  peach 


Fig.  25  Linden  defoliated  by 
the  Japanese  beetle 


Fig.  27  Japanese  beetles  feeding  on  peach 
fruit  and  foliage.  (After  Smith  &  Hadley, 
U.  S.  Dep’t  Agric.  Circ.  363) 


Fig.  28  Apples  damaged  by  the  beetles.  These  were  apparently 
sound  before  being  attacked  by  this  insect.  (After  Hadley,  N.  J. 
Dep’t  Agric.  Circ.  46) 


Fig.  29  Tip  of  ear  showing  how  Japanese  beetles  may  conceal  themselves  beneath  the 
sheaths  of  green  com  and  thus  be  carried  to  uninfested  places 


Fig.  31  The  grub  or  larva  of  the  Japanese 
beetle  enlarged.  It  is  similar  to  though  smaller 
than  our  common  white  grub.  (After  Hadley, 
N.  J.  Dep’t  Agric.  Circ.  46) 
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Fig.  32  Dead  sod  turned  back  to  show  abundance  of  grubs  of  the  Japanese 
beetle  and  the  depth  to  which  they  feed.  (After  Smith  &  Hadley,  U.  S.  Dep’t 
Agric.  Circ.  363) 


OBSERVATIONS  AND  NOTES  ON  INJURIOUS  AND  OTHER 
INSECTS  OF  NEW  YORK  STATE 

By 

Ephraim  Porter  Felt  Ds.C.,  State  Entomologist ,  New  York  State 

Museum 

CONTENTS 

Apple  and  thorn  skeletonizer,  Hemerophila  pariana 
Clerck. 

Lime  tree  winter  moth  or  ten-lined  inch  worm.  E  r  a  n  n  i  s 
t  i  1  i  a  r  i  a  Harris 

Notes  on  Various  Insects 
Species  attacking  fruit  trees  and  small  fruits 
Species  troublesome  to  man 
Shade  tree  insects 
Forest  insects 
Notes  on  insect  galls 
Miscellaneous 

APPLE  AND  THORN  SKELETONIZER 
Hemerophila  pariana  Clerck 

The  apple  and  thorn  skeletonizer  has  greatly  extended  its  range 
during  recent  years.  In  1922  and  1923  it  was  very  abundant  and 
destructive  on  unsprayed  apple  trees  in  northern  Columbia  and 
southern  Rensselaer  counties.  There  was  a  relatively  great  extension 
the  latter  year  from  southern  Rensselaer  and  Albany  counties  north¬ 
ward  to  Whitehall  and  the  vicinity  of  Glens  Falls,  to  the  west  slope 
of  the  Catskills  in  Greene  county  and  to  Cobleskill  in  Schoharie  county, 
as  determined  by  Dr  M.  D.  Leonard,  then  associate  state  entomolo¬ 
gist. 

The  insect  was  observed  somewhat  generally  at  Oneonta  in  October 
1926,  reported  by  Dr  Hugh  Glasgow  as  generally  prevalent  about 
Geneva,  and  through  the  kindness  of  Professor  P.  J.  Chapman  it  is 
learned  that  the  skeletonizer  was  sent  in  from  Auburn,  Clyde,  Mace- 
don,  Skaneateles  and  Cohocton,  these  records  indicating  a  somewhat 
general  distribution  in  central  and  southern  New  York. 

The  observations  in  1923  to  1925  showed  that  this  small  moth 
was  very  generally  distributed  in  the  foothills  of  the  Berkshires,  even 
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isolated  trees  or  groups  of  trees  miles  from  orchards  of  any  size  showing 
moderate  to  severe  infestations.  This  very  general  spread  suggests 
that  winds  have  been  the  principal  agents  in  carrying  the  moths 
over  extensive  areas.  The  wide  distribution  of  this  insect  in  southern 
New  England  indicates  spread  in  the  same  manner. 

There  was  a  comparatively  small  extension  of  the  infested  areas 
in  1924  in  eastern  New  York,  except  that  the  insect  was  found  in 
small  numbers  along  the  Mohawk  valley  westward  to  Little  Falls. 
Observations  that  season  in  Albany  and  vicinity  showed  the  occur¬ 
rence  of  three  generations,  the  larvae  of  the  first  becoming  full 
grown  about  the  middle  of  June,  a  few  still  being  seen  on  the  20th, 
while  on  the  25th  most  of  them  had  spun  up.  On  August  10th  most 
of  the  second  brood  had  made  their  cocoons,  and  adults  developing 
therefrom  were  observed  on  the  2 2d.  Small  larvae  of  the  third  brood 
were  seen  September  7th,  there  being  an  interval  between  these  and 
the  preceding  generation  when  none  were  to  be  found.  Small  larvae 
of  the  last  generation  were  also  seen  as  late  as  September  24th  and 
even  early  October,  the  latter  at  Whitehall.  A  few  partly  grown 
larvae  were  found  near  Cobleskill  October  13th. 

Investigations  during  midsummer  of  1924  in  northern  Columbia 
county  in  company  with  A.  B.  Buchholz,  county  agent,  showed  an 
unfortunate  condition  in  certain  orchards  in  the  Harlem  valley. 
The  trees  had  suffered  severely  early  in  the  spring  from  the  work 
of  the  apple  tent  caterpillar,  Malacosoma  americana 
Fabr.,  and  the  rather  serious  injury  by  the  skeletonizer  the  preceding 
season  as  well  as  severe  damage  that  season  had  greatly  reduced  the 
vitality  of  the  trees.  Three-quarters  of  the  trees  in  one  young 
orchard  had  very  small  pale  leaves,  and  with  a  continuance  of  such 
insect  depredations  one  might  expect  the  death  of  large  portions  of 
the  trees  and  the  practical  ruin  of  the  orchard.  Good-sized  limbs 
on  a  few  of  the  trees  had  already  died.  These  conditions,  it  should 
be  remembered,  were  to  be  found  only  among  unsprayed  trees. 

Somewhat  severe  injury  was  observed  in  Greene  county  both 
north  and  south  of  Catskill  in  1924,  although  the  damage  was  not 
so  great  as  recorded  for  certain  Columbia  county  orchards.  That 
the  third  brood  that  season  was  small  was  most  fortunate  for  the 
badly  infested  trees.  There  was  a  marked  decrease  in  the  abundance 
of  the  skeletonizer  in  the  older  infested  areas  in  1925  and  1926. 

The  young  caterpillars  work  very  largely  on  the  underside  of  the 
leaves,  especially  along  the  midrib,  although  occasionally  they  are 
found  near  the  margin.  Irregular  holes  about  the  size  of  a  pin  head 
are  eaten  through  the  lower  epidermis,  the  caterpillars  excavating 
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the  delicate  tissues  to  the  upper  surface  of  the  leaf.  The  latter  dries, 
turns  brown  and  produces  a  distortion  or  bulging  up  of  the  leaf 
somewhat  suggestive  of  old  injury  by  redbug,  except  that  the  latter 
is  the  work  of  a  sucking  insect  which  does  not  devour  the  tissues. 
Very  early  infestations  are  easily  recognized  by  the  irregular,  scat¬ 
tered,  brownish  spots  on  the  upper  surface  of  the  leaves.  These 
are  sometimes  rather  thick  and  on  the  under  surface  there  may  be 
found  evidence  of  feeding,  and  usually  young  caterpillars  under  a 
thin,  somewhat  dirty  web.  There  are  usually  two  to  three,  some¬ 
times  four  or  five,  and  occasionally  six  or  seven  of  these  caterpillars 
on  a  leaf.  When  they  are  about  half  grown  or  thereabouts  they 
move  to  the  upper  surface  of  the  leaf  and  work  is  confined  almost 
entirely  to  the  older  leaves,  even  those  which  have  been  curled  by 
rosy  aphis  being  acceptable. 

The  Entomologist,  in  collaboration  with  Dr  M.  D.  Leonard,  then 
associate  state  entomologist,  prepared  a  revision  of  Cornell  Univer¬ 
sity  Extension  Bulletin  86,  The  Apple  and  Thorn  Skeletonizer  and 
Its  Control,  which  was  issued  in  May  1924.  The  reader  is  referred 
thereto  for  a  general  account  of  this  insect. 

Experience  has  abundantly  demonstrated  the  efficacy  of  spraying 
with  arsenate  of  lead  for  the  control  of  this  insect.  Even  one  appli¬ 
cation  as  for  the  codling  moth  will  usually  prevent  serious  injury. 

LIME  TREE  WINTER  MOTH  OR  TEN-LINED  INCH  WORM 
Erannis  tiliaria  Harris 

The  history  of  this  comparatively  unknown  species  for  the  past 
few  years  is  a  striking  case  of  fluctuations  in  insect  life.  The  yellow¬ 
ish,  black-lined,  looping  caterpillars  with  orange  colored  heads  are 
present  in  small  numbers  from  year  to  year  and  only  occasionally 
attract  notice. 

During  the  spring  of  1924  these  caterpillars  were  somewhat 
abundant  here  and  there  in  different  sections  of  the  State  but  in  no 
case  did  they  attract  notice  on  account  of  extensive  defoliations. 
The  insect  sprang  into  importance  early  the  following  October 
through  the  appearance  of  millions  of  moths  around  the  lights  of 
cities  and  villages  of  the  Hudson  and  Mohawk  valleys.  They  were 
so  abundant  at  Schenectady  one  evening  as  to  cover  store  fronts, 
doors  etc.,  from  one  end  of  State  street  to  the  other.  Thousands  were 
seen  in  Albany  resting  on  the  Capitol  and  Education  Building  and 
they  were  also  abundant  in  nearby  villages.  A  drive  one  evening 
in  the  vicinity  of  Albany  showed  that  the  moths  were  somewhat 
prevalent  in  the  country  districts  as  well  as  about  city  and  village 
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lights.  In  addition  to  the  localities  already  mentioned,  the  moths 
attracted  attention  at  Upper  Red  Hook,  Catskill  and  Athens  in 
the  Hudson  valley  and  at  Sharon  Springs,  Ithaca  and  Geneva  in  the 
central  and  west  central  parts  of  the  State  respectively. 

The  extraordinary  abundance  of  the  moths  in  October  1924  sug¬ 
gested  a  great  increase  in  the  numbers  of  voracious  loopers  another 
spring,  something  abundantly  justified  by  the  numerous  records 
which  were  brought  to  our  notice  in  the  early  part  of  the  season. 

The  Adirondacks  were  generally  infested  in  1925  with  local 
stripping  here  and  there  as  shown  by  the  following  records: 

Essex  county.  The  work  of  the  loopers  was  very  common  at 
Elizabethtown  and  vicinity,  the  trees  in  the  village  showing  some 
though  not  serious  feeding,  an  occasional  linden  on  the  outskirts 
having  its  foliage  badly  eaten.  The  larvae  were  somewhat  numerous 
June  17  th  in  the  woodlands  upon  Cobble  hill  and  here  and  there  a 
few  trees  or  groups  of  trees  were  somewhat  seriously  eaten,  and  on 
the  edge  of  the  woodlands  the  foliage  cf  apple  trees  had  been  badly 
damaged.  Higher  up  the  mountain  there  was  some  feeding  upon 
maple  and  birch,  although  in  no  instance  was  there  anything 
approaching  general  stripping.  Soft  maples  here  and  there  upon  the 
highway  from  Westport  to  Elizabethtown  and  again  from  Elizabeth¬ 
town  to  Keene  Valley  showed  injury  in  restricted  areas,  and  Howard 
Notman  of  Keene  valley  stated  that  there  was  considerable  feeding 
upon  some  of  the  nearby  mountains,  the  caterpillars  being  especially 
numerous  upon  sugar  maple  and  birch.  Saul  Philips  of  the  State 
Conservation  Commission  stated  that  the  caterpillars  were  very 
abundant  in  the  woodlands  in  the  town  of  Moriah  and  observations 
later  showed  many  trees  here  and  there  in  a  partly  defoliated  con¬ 
dition.  Reports  were  also  received  from  Conservation  Commission 
foresters  and  rangers  to  the  effect  that  the  insect  was  abundant  or 
very  destructive  in  the  following  localities:  Blue  Ridge,  Keeseville, 
Lake  Placid,  Minerva,  Newcomb,  Olmsteadville  and  Schroon  Lake. 

Warren  county.  Assistant  Superintendent  of  State  Forests 
W.  G.  Howard,  stated,  on  June  12  th  that  he  had  found  the  insects 
very  numerous  on  the  ridge  west  of  Glens  Falls,  and  A.  S.  Hopkins 
observed  the  caterpillars  generally  from  Lake  George  village  to 
Ticonderoga  and  from  Lake  George  to  Chestertown,  adding  that 
they  seemed  to  be  present  in  almost  countless  numbers.  The  feed¬ 
ing  in  Warren  county,  however,  did  not  appear  to  be  quite  so 
general  nor  extensive  as  in  Essex  county.  Rangers  and  fire  wardens 
of  the  Conservation  Commission  reported  this  insect  as  very  abundant 
from  the  following  additional  localities:  Adirondack,  Bolton, 
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Horicon,  Johnsburg,  North  Creek,  Prospect  mountain  and  Stony 
Creek. 

Hamilton  county.  Numbers  of  the  State  Conservation  Com¬ 
mission  forest  fire  protective  force  reported  the  caterpillars  as 
abundant  or  very  abundant  in  the  following  localities :  Blue 
mountain,  Indian  lake,  Long  lake,  Piseco,  Speculator  and  Wells. 

Franklin  county.  The  caterpillars  were  reported  as  abundant 
from  McKenzie  mountain  and  Meacham  lake  by  forest  rangers  or 
fire  wardens. 

Other  counties.  These  caterpillars  were  locally  abundant  in  Sara¬ 
toga,  Washington  and  Rensselaer  counties,  although  since  the  foliage 
injury  occurred  mostly  at  the  higher,  more  remote  areas,  it  largely 
escaped  observation.  In  the  town  of  Poestenkill,  for  example,  the 
loopers  were  particularly  numerous  on  trees  at  elevations  of  1000 
feet  or  more  and  were  hardly  noticeable  at  lower  levels,  although 
some  nearly  stripped  soft  maples,  probably  the  work  of  this  insect, 
were  observed  along  the  Hudson  river  near  Castleton,  a  little  south 
of  Albany,  and  somewhat  general  feeding  of  this  type  along  the 
shores  of  Lake  Champlain,  both  in  New  York  and  Vermont. 

There  was  some  injury  by  this  insect  in  the  Catskill  mountain 
area,  it  apparently  being  more  marked  in  Greene  and  Delaware 
counties,  although  there  was  some  in  Ulster  county. 

There  was  decidedly  less  injury  by  this  insect  in  1926. 

Habits 

The  full-grown  caterpillars  desert  the  trees  in  June  and  transform 
to  pupae  in  earthen  cells  from  five  to  six  inches  below  the  surface, 
the  moths  issuing  late  in  October  or  early  in  November.  The  female 
is  wingless  and  has  a  yellowish  body  sprinkled  with  black  dots, 
while  the  male  has  a  wing  spread  of  nearly  two  inches,  the  forewings 
being  a  rusty  buff  sprinkled  with  brown  spots  and  with  two  wavy 
brown  lines,  the  inner  one  often  indistinct. 

As  in  the  case  of  other  canker  worms,  the  female  deposits  her  eggs 
in  small  clusters  upon  or  under  the  bark  of  various  trees.  Specimens 
of  females  and  eggs  were  received  December  15,  1925,  accompanied 
by  the  statement  that  the  insects  were  observed  in  some  numbers 
under  the  loose  bark  of  presumably  forest  trees  near  Salem,  Wash¬ 
ington  county,  this  record  suggesting  probable  abundance  another 
season. 

The  young  caterpillars  hatch  in  early  spring  and  eventually 
develop  into  loopers  having  a  length  of  about  if  inches.  They 
are  easily  recognized  by  the  orange  head  and  yellowish  body,  the 
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latter  marked  dorsally  with  a  series  of  ten  somewhat  broken,  wavy 
black  lines.  These  pests  are  frequently  associated  with  the  more 
common  canker  worms,  namely,  the  fall  canker  worm,  Alsophila 
pometaria  Harris  and  the  spring  canker  worm,  Palea- 
crita  vernata  Peck.,  and  like  them  are  general  feeders.  They 
have  a  marked  preference  for  linden,  though  they  are  also  frequently 
abundant  upon  elm,  various  forest  trees  and  apple  foliage.  Soft 
maple  and  certain  oaks  appear  to  be  favorites  in  some  localities. 

Since  the  females  are  wingless,  the  invasion  of  a  city  or  village  by 
millions  o*  the  moths  does  not  mean  increased  damage  to  city  and  park 
trees.  The  real  danger  is  from  the  egg-laying  females  which  latter 
can  crawl  only  a  very  short  distance  and  must  therefore  remain 
near  or  upon  the  trees  frequented  by  the  preceding  generation. 

English  sparrows  were  observed  destroying  many  of  the  moths 
in  different  cities,  and  yet  for  reasons  pointed  out  above  this  is  of 
little  practical  advantage. 

The  most  satisfactory  method  of  controlling  this  canker  worm 
and  associated  early  leaf  feeders  is  by  timely  spraying  with  arsenate 
of  lead,  using  about  three  pounds  of  the  powder  to  100  gallons  of 
water  and  making  the  application  before  there  has  been  any  great 
amount  of  feeding.  Such  measures,  however,  can  be  recommended 
only  for  the  somewhat  valuable  shade  and  orchard  trees. 

NOTES  ON  VARIOUS  INSECTS 
Species  Attacking  Fruit  Trees  and  Small  Fruits 

Pear  midge,  Contarinia  pyrivora  Riley.  The  work 
of  this  introduced  pest  is  becoming  increasingly  abundant  in  the 
upper  Hudson  valley.  Infested  pears,  about  the  size  of  a  marble, 
are  easily  recognized  by  their  globular  shape  in  comparison  with 
the  normal  fruit.  Within  these  fruits  one  may  find  a  number  of 
whitish  or  yellowish  orange  maggots,  or  when  they  are  nearly  mature 
the  infested  fruits  may  crack  on  one  side,  especially  during  a  rainy 
period,  and  the  maggots  drop  to  the  ground.  They  enter  the  soil 
and  remain  over  winter,  the  small  black  midges  issuing  in  the  spring 
about  the  time  the  blossom  buds  begin  to  break.  The  eggs  are 
apparently  laid  in  the  opening  buds,  the  young  maggots  working 
down  at  the  base  of  the  stamens  and  establishing  themselves  in  the 
carpel  cavities  of  the  developing  fruit.  Clapp’s  favorite  pears  are 
very  subject  to  attack,  and  seckels,  under  certain  conditions  at 
least,  are  nearly  immune.  The  degree  of  injury  may  be  correlated 
with  the  development  of  the  flower  buds  at  the  time  the  midges 
appear  above  ground. 
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The  wintering  of  this  insect  in  the  upper  soil  layers  under  the  tree 
suggests  that  early  spring  cultivation  may  be  ol  considerable  service 
in  destroying  the  delicate  pupae  or  even  the  flies,  particularly  if  the 
cultivation  is  just  as  the  flower  buds  begin  to  start.  There  is  also 
a  possibility,  when  the  soil  is  not  too  wet,  of  destroying  many  of 
the  insects  by  the  judicious  application  of  calcium  cyanide. 

Small  strawberry  beetle,  Heterostomus  pulicarius 
Linn.  This  small  European  insect  has  caused  no  apprehension 
among  strawberry  growers  during  the  past  two  seasons,  although  it 
aroused  the  fears  of  a  number  in  May  1922.  It  was  first  brought 
to  attention  by  John  Kreig,  Linlithgow,  who  found  the  beetles 
working  at  the  very  base  of  the  blossoms  and  producing  small 
blackened  areas,  due  to  their  feeding  upon  the  developing  anthers 
and  adjacent  tissues.  He  was  of  the  opinion  that  even  such  injury 
would  result  in  malformed  berries,  and  he  also  called  attention  to 
most  serious  damage  by  this  insect  from  their  feeding  upon  and 
producing  a  bad  browning  of  nearly  the  entire  surface  of  the  develop¬ 
ing  fruit.  Badly  affected  blossoms  would  obviously  produce  nothing. 
The  injury  is  of  a  type  which  could  be  easily  overlooked  or  attributed 
to  other  causes. 

An  examination  that  season  resulted  in  finding  the  insects  in 
strawberry  beds  in  Burnt  Hills,  Saratoga  county,  although  the 
damage  was  not  so  serious  as  in  Columbia  county.  Characteristic 
signs  of  injury  were  detected  in  strawberry  beds  south  of  Albany. 
The  insect  is  also  known  to  occur  in  Schoharie  and  Columbia  counties 
and  has  been  recorded  from  near  Boston,  Mass.,  and  Milford,  Conn. 
(Britton,  1922,  p.  311). 

The  probabilities  are  against  this  recently  introduced  insect 
becoming  a  serious  pest,  although  it  may  cause  somewhat  severe 
local  damage  as  a  result  of  unusually  favorable  conditions.  Straw¬ 
berry  beds  should  be  watched  rather  carefully  at  blossoming  time, 
and  if  injury  of  this  type  begins  to  appear,  the  insects  can  be  checked 
by  liberal  dusting  with  arsenate  of  lead. 

European  corn  borer,  Pyrausta  nubilalis  Hubn.  There 
have  been  ominous  developments  in  the  European  corn  borer 
situation  in  the  past  three  years.  There  has  been  a  great  increase 
in  the  size  of  the  infested  area  so  that  now  practically  three-fourths 
of  the  arable  land  of  the  State  is  infested  and  the  insect  may  be 
found  in  every  county  north  and  west  of  Delaware,  Greene  and 
Columbia  counties.  There  are  also  infestations  on  Staten  Island 
and  the  western  end  of  Long  Island.  The  remainder  of  the  corn¬ 
growing  area  of  the  State  will  doubtless  become  infested  within  a 
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few  years.  This  spread  was  to  be  expected,  although  it  occurred 
somewhat  more  rapidly  than  was  anticipated. 

The  most  significant  development  has  been  the  somewhat  con¬ 
sistent  increase  in  the  infestations  in  certain  areas,  at  least  from 
1924  to  1926  inclusive.  This  has  been  particularly  marked  in  the 
Lake  Erie  region,  especially  in  the  vicinity  of  Silver  Creek,  though 
it  is  true  also  of  most  of  the  towns  bordering  the  lake  and  those 
adjacent  thereto.  The  stalk  infestations  in  some  of  the  earlier 
fields  have  amounted  to  90  per  cent  or  even  more,  there  has  been  a 
50  per  cent  ear  infestation  and  in  some  of  the  more  badly  injured 
fields  it  was  not  difficult  to  find  15  to  30  borers  in  an  individual 
plant.  Such  infestations  mean  considerable  commercial  loss  and 
growers  of  sweet  corn  with  a  50  per  cent  ear  infestation  are  very 
likely  to  have  their  produce  discriminated  against  in  the  open 
market.  There  has  been  a  smaller  though  not  so  general  an  increase 
in  the  infestation  in  the  early  corn  of  the  Scotia  area,  most  of  the 
severe  damage  being  limited,  as  in  the  western  part  of  the  State, 
to  the  river  bottom  land  or  fields  in  the  near  vicinity  of  such  areas. 

The  loss  in  New  York  State  from  depredations  of  the  European 
corn  borer  is  not  serious.  The  increased  infestation  noted  above, 
taken  in  connection  with  the  extremely  destructive  work  of  this 
pest  in  Essex  and  Kent  counties,  Ontario,  a  section  in  which  a  very 
large  proportion  of  the  fields  of  early  planted  corn  has  been 
practically  destroyed,  has  justly  aroused  serious  apprehensions.  It 
may  be  said  of  the  above-mentioned  Canadian  areas  that  the  infesta¬ 
tion  in  the  past  few  years  presumably  has  been  intensified  to  a  very 
considerable  extent  by  the  great  reduction  in  the  corn  acreage,  this 
amounting  in  certain  sections  to  90  per  cent.  There  is  no  way  of 
approximating  the  proportion  of  the  injury  due  to  the  reduced 
acreage  and  the  only  safe  plan  is  to  adopt  measures  which  will  greatly 
reduce  the  numbers  of  this  pest.  An  extensive  educational  campaign 
was  organized  in  the  fall  of  1926  for  the  purpose  of  bringing  about 
so  far  as  possible  a  general  clean-up  of  the  more  badly  infested 
fields,  special  emphasis  being  placed  upon  cutting  the  corn  low  and 
early,  and  thoroughly  plowing  under  the  stubble. 

A  Revision  of  Cornell  Extension  Bulletin  31  has  been  prepared 
and  gives  somewhat  detailed  information  respecting  this  insect,  its 
habits  and  in  particular  directions  for  its  control. 

Species  Troublesome  to  Man 

Bat  bedbug,  Cimex  pilosellus  Horv.  This  insect  resem¬ 
bles  the  bedbug  of  dwellings,  Cimex  lectularius  Linn. , 
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so  closely  that  its  occurrence  in  houses  creates  as  much  dismay  and 
consternation  as  the  presence  of  our  too  well-known  domestic  para¬ 
site,  although  it  confines  its  attentions  to  bats  and  only  occasionally 
invades  nearby  sleeping  apartments.  The  two  resemble  each  other 
so  closely  that  only  an  expert  can  distinguish  between  them. 

The  presence  of  this  insect  was  brought  to  our  attention  in  1921, 
at  which  time  the  bat  frequented  attic  of  a  brick  building  at  Rensse- 
laerville  was  overrun  with  these  bat  bugs.  The  summer  ol  1925  a 
similar  infestation  in  a  dwelling  in  Saratoga  Springs  was  brought  to 
notice.  The  walls  of  the  house  had  been  the  nesting  place  for 
hundreds  of  bats  and  the  parasites  were  occasionally  invading  the 
sleeping  rooms.  The  situation  was  so  serious  that  the  owner  had 
edges  of  the  mansard  roof  raised  so  as  to  permit  access  to  spaces 
between  the  timbers  of  the  walls.  Some  of  these  spaces  had  been 
the  homes  of  numerous  bats  and  hundreds  of  them  were  killed. 
There  was  an  excellent  opportunity  to  test  the  efficiency  of  the 
recently  developed  calcium  cyanide  dust,  and  in  cooperation  with 
the  Entomologist,  Dr  William  Moore  dusted  these  cavities  with 
this  preparation,  putting  about  a  teaspoonful  in  each  space  between 
the  timbers,  and  in  addition  blowing  a  somewhat  indeterminate 
quantity  into  these  spaces. 

The  dust  drifted  down  and  appeared  to  penetrate  the  floor  spaces 
thoroughly,  some  odor  of  acetylene  gas  being  noted  in  the  rooms  of 
the  third  floor,  the  walls  of  which  were  inhabited  by  the  bats.  The 
tin  roof  was  replaced  immediately  after  the  dusting  and  apparently 
everything  living  was  destroyed!  both  bats  and  bugs.  The  odor  of 
acetylene  gas  and  presumably  a  little  hydrocyanic  gas  lingered  in 
the  upper  rooms,  and  about  1:30  o’clock  in  the  afternoon,  at  that 
time,  some  two  hours  after  the  treatment,  the  gas  had  disappeared 
so  thoroughly  that  there  seemed  no  probability  of  any  ill  effects 
were  the  rooms  occupied.  It  should  be  stated  that  although  the 
house  was  vacated  during  the  fumigation  and  care  taken  that 
nobody  was  where  there  was  even  a  slight  possibility  of  inhaling 
hydrocyanic  acid  gas,  the  writer  was  in  the  building  most  of  the 
time,  frequently  on  the  third  floor  where  there  would  presumably 
be  the  greatest  density  of  the  gas  in  case  any  material  amount 
entered  the  rooms  through  the  somewhat  porous  plaster  walls,  and 
yet  experienced  no  ill  effects.  This  would  have  been  unsafe  if 
the  windows  and  doors  on  both  floors  had  not  been  open  previous 
to  the  treatment  and  thus  insured  thorough  ventilation.  Since  only 
a  light  breeze  prevailed,  there  was  no  greater  ventilation  than  can 
usually  be  secured. 
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The  treatment  was  entirely  satisfactory  and  it  seems  possible  to 
use  this  material  in  dwellings  for  the  destruction  of  various  insects, 
although  care  should  be  exercised  not  to  incur  undue  risks.  The 
ready  and  moderately  slow  release  of  hydrocyanic  acid  gas  makes 
the  process  much  simpler  and  less  dangerous  than  the  older  method 
of  using  this  insecticide. 

A  flesh  fly  attacking  man.  (Wohlfartia  vigil  Walker). 
A  very  unusual  case  came  to  notice  the  past  summer.  It  was  a 
request  for  the  identification  of  a  first-stage  larva  (see  fig.  34)  less 
than  1/25  of  an  inch  long,  which  was  removed  with  several  others 
from  the  conjunctivae  of  a  man  affected  with  some  conjunctivitis 
and  resident  in  Cattaraugus  county,  New  York  State.  The  insect 
was  provisionally  identified  as  the  very  young  larva  of  the  above- 
named  insect. 

The  history  of  the  case  is  as  follows:  A  stone  worker  in  good 
health  thought  he  felt  a  piece  of  marble  fly  into  his  eye  and  as  a 
result  of  continued  pain  he  consulted  a  doctor  that  evening,  the 
latter  finding  nothing.  The  next  day  an  oculist  was  consulted.  A 
very  small  cyst  was  observed.  It  was  removed  and  found  to  contain 
several  living  maggots.  A  photomicrograph  of  one  is  shown  in 
figure  34.  It  will  be  noted  that  this  maggot  is  provided  with  a  pair 
of  heavy,  hooked  jaws,  evidently  very  efficient  instruments  for  making 
its  way  into  tender  tissues.  The  body  is  also  armed  with  series  of 
short  spiny  processes.  The  presence  of  several  such  creatures  in  the 
eye  would  undoubtedly  cause  severe  pain.  This  insect  is  normally 
a  flesh  fly,  only  very  occasionally  attacking  human  beings. 

This  is  by  no  means  the  only  record  of  the  kind  for  the  country, 
although  it  appears  to  be  the  first  for  the  United  States.  Dr  E.  M. 
Walker  (1920)  placed  on  record  two  cases  of  young  children  being 
afflicted  with  boil-like,  red  pustular  sores  half  an  inch  or  so  in 
diameter.  Each  sore  had  a  minute  and  very  inconspicuous  opening, 
and  from  each  one  or  more  maggots  were  obtained.  These  sores 
were  restricted  to  the  exposed  upper  parts  of  the  body,  the  neck, 
shoulder  and  arms.  Two  years  later  the  same  author  reported 
another  case  likewise  in  the  vicinity  of  Toronto,  the  patient,  as  in 
the  preceding  instances,  being  a  child. 

The  related  European  Wohlfartia  magnifica  Shiner 
has  been  rather  commonly  associated  with  maggot  infestation  of 
the  eye,  nose  and  ear,  the  loss  of  sight,  hearing,  and  in  very  extreme 
cases,  death  has  resulted.  This  fly  is  somewhat  prevalent  in 
southern  Russia. 

The  American  records  indicate  a  certain  amount  of  danger  from 
this  fly,  though  as  a  rule  it  can  hardly  be  great.  The  development 
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of  such  sores  or  the  continuance  of  pain  in  a  tender  organ  such  as 
the  eye  should  serve  as  a  warning  and  be  speedily  followed  by  com¬ 
petent  medical  examination.  Otherwise  serious  results  may  follow. 

The  following  references  relate  toWohlfartia  vigil: 

Anon. 

1924  Fly  Larvae  as  Human  Parasites.  Health  News.  N.  Y.  State  De¬ 
partment  of  Health,  September  1924,  p.  156 

Felt,  E.  P. 

1924  Wohlfartia  vigil  Walker  attacking  Man.  Econ.  Ent.  Jour. 
17:603 

Walker,  E.  M. 

1920  Wohlfartia  vigil  Walker  as  a  Human  Parasite.  Jour.  Parasitology, 
7:1-7 

1922  Some  Cases  of  Cutaneous  Myiasis,  with  notes  on  the  larvae  of 

Wohlfartia  vigil  Walker.  Jour.  Parasitology,  9:1-5 

Blue  bottle  fly  maggot  in  child.  Dipterous  larvae  were  sub¬ 
mitted  for  identification  to  Dr  M.  D.  Leonard,  then  associate  state 
entomologist,  in  October  1923  by  Doctors  Ruth  Gilbert  and  E.  J. 
Early,  both  of  the  State  Department  of  Health.  The  specimen 
represented  a  rather  unusual  condition  of  myiasis  in  a  child,  some 
20  months  old,  of  Guilford.  The  patient  had  been  sick  for  45  days 
and  for  the  first  three  weeks  the  temperature  had  run  from  103 0  to 
1060,  though  there  was  a  continued  application  of  an  ice  pack  to 
the  head.  During  the  second  week  the  child  developed  true  menin¬ 
geal  symptoms,  these  continuing  for  about  five  days.  There  was 
no  pain,  although  there  was  some  abdominal  distention  which  was 
easily  relieved  by  enema  or  tube.  At  no  time  was  there  any  definite 
train  of  symptoms  permitting  a  diagnosis.  In  November  it  was 
stated  that  the  child  had  a  temperature  of  102  and  was  taking  a 
normal  amount  of  nourishment,  but  was  very  sick.  After  the  use 
of  calomel,  one  dipterous  larva,  identified  as  above,  was  passed  in 
the  feces.  Whether  there  was  more  than  one  maggot  in  the  intes¬ 
tinal  tract  was  not  known.  It  is  possible  the  infestation  developed 
through  the  child  gaining  access  to  blown  meat. 

Doctor  Keilin  in  his  study  of  intestinal  myiasis  (1924,  p.  318-20) 
states  that  the  European  Sarcophaga-haemorrhoidalis 
Fall,  appears  to  be  able  to  develop  to  full  size  within  the  intestines, 
although  such  is  not  the  case  with  larvae  of  S.  carnaria  Linn. 
The  larvae  do  not  seem  to  live  as  parasites,  but  probably  feed  upon 
the  partly  digested  and  decomposed  food  they  find  in  the  intestines. 
The  peculiar  ability  of  S.  haemorrhoidalis  larvae  to  live 
under  such  conditions  is  probably  due  to  the  fact  that  the  highly 
specialized  respiratory  system  permits  an  aerobic  mode  of  life. 
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Spring-tails  in  buildings.  A  number  of  specimens  of  E  n  to¬ 
rn  o  b  r  y  a  sp.  were  received  August  30,  1922,  from  Mrs  B.  Cahn 
of  the  Bronx,  New  York  City,  accompanied  by  the  statement  that 
they  were  unpleasantly  numerous  in  a  new  62-family  apartment 
house.  She  stated  that  they  were  mostly  on  the  window  sills, 
although  a  few  were  found  on  the  bed  linen  and  furniture  covers. 
The  building  is  opposite  a  park.  The  specimens  were  kindly  referred 
to  the  genus  Entomobrya  by  Messrs  Ewing  and  Folsom.  Doctor 
Folsom  states  that  this  spring-tail  is  rather  common  in  the  eastern 
United  States,  being  taken  usually  on  the  ground,  under  damp  leaves 
or  other  objects.  He  adds  that  it  may  have  occurred  in  the  hair 
used  for  mixing  mortar,  since  he  has  found  collembolans  among  hog 
bristles  near  a  slaughterhouse,  and  there  are  a  few  records  of  their 
occurrence  among  the  feathers  of  birds  and  the  hairs  of  living  mam¬ 
mals  (1901,  p.  160-61). 

Specimens  of  another  spring-tail,  kindly  determined  by  Dr  J.  W. 
Folsom,  Homer,  Ill.,  an  authority  upon  the  group,  as  Isotoma 
v  i  r  i  d  i  s  Vourlet,  were  received  in  November  1924  from  one  of 
the  public  laboratories  in  the  city  of  Albany,  accompanied  by  the 
statement  that  they  were  abundant  in  the  washbowls  of  a  toilet 
room  located  in  the  basement  just  below  a  window.  Evidently 
these  insects  came  from  the  adjacent  soil,  since  Doctor  Folsom 
states  that  this  species  is  a  cosmopolitan  inhabitant  of  the  soil  and 
its  occurrence  therefore  was  simply  casual. 

Spring-tails  in  a  well.  A  number  of  specimens  of  Folsomia 
f  i  m  e  t  a  r  i  a  Linn,  kindly  determined  by  Dr  J.  W.  Folsom  of 
Homer,  Ill.,  were  received  by  Dr  M.  D.  Leonard,  then  associate 
state  entomologist  under  date  of  October  10,  1923.  The  corre¬ 
spondent,  Clyde  J.  Benedict,  Lewis,  Essex  county,  stated  that  the 
insects  occurred  in  a  well  about  16  feet  deep,  2\  feet  across  and  with 
a  hemlock  plank  curb.  The  insects  caused  some  apprehension. 
Doctor  Folsom  states  that  this  species  belongs  to  the  soil  fauna  and 
often  occurs  about  the  roots  of  plants  without  doing  any  damage 
so  far  as  known.  He  has  received  it  several  times  from  wells  and 
the  late  Dr  A.  D.  MacGillivray  records  having  found  it  once  in  milk 
delivered  by  a  milkman. 

This  insect  is  not  adapted  in  any  way  to  an  aquatic  existence. 
It  is  readily  destroyed  in  wells  or  similar  places  by  liberal  applica¬ 
tions  of  hot  water,  the  use  of  steam  or  the  exhaust  products  from 
an  automobile. 

Thousand  legged  worm,  Julus  sp.,  in  the  human  system. 

A  specimen  was  received  October  3,  1922,  through  the  State  Depart- 


INJURIOUS  AND  OTHER  INSECTS  OF  NEW  YORK  STATE  1 57 


ment  of  Health  accompanied  by  a  statement  from  the  health  office 
of  one  of  the  small  cities  that  the  milliped  had  been  passed  together 
with  a  large  number  of  others  by  a  child  three  years  old  which  had 
suffered  from  convulsions.  The  known  preference  of  millipeds  for 
moist,  decaying  organic  matter  makes  it  difficult  to  explain  how  any 
such  infestation  could  have  arisen.  The  one  specimen  submitted  for 
name  was  about  three-fourths  of  an  inch  long  and  it  hardly  seems 
as  though  it  could  have  developed  within  the  child  from  an  egg. 
They  may  have  been  ingested  with  partly  decayed  fruit. 

Shade  Tree  Insects 

Elm  leaf  beetle,  Galerucella  xanthomelaena 
Schrank.  The  elm  leaf  beetle  has  been  present  in  the  Hudson  valley 
for  many  years  and  is  becoming  established  in  widely  scattered  parts 
of  this  State.  Generally  speaking,  the  injury  in  the  Hudson  valley 
has  been  much  less  during  recent  years,  though  occasionally  there  is 
serious  injury.  This  was  particularly  marked  in  1924  on  elms  from 
Poughkeepsie  south,  the  trees  upon  entire  blocks  and  occasionally 
larger  areas  being  entirely  skeletonized  in  midsummer.  The  unusu¬ 
ally  cool  weather  of  the  spring  and  early  summer  resulted  in  an 
extremely  late  development,  and  full-grown  larvae  and  pupae  were 
consequently  found  during  July  and  even  early  August.  The  result 
was  that  the  midsummer  development  was  somewhat  unexpected  and 
many  trees  were  damaged,  which  under  more  normal  conditions 
would  probably  have  been  protected  by  spraying. 

There  was  severe  local  injury  in  the  Hudson  valley  north  of 
Poughkeepsie,  though  as  a  rule  this  was  restricted  to  comparatively 
few  trees,  usually  those  near  some  especially  good  shelter  such  as  an 
open  shed  or  belfry. 

The  English  sparrow  feeds  upon  this  pest  to  a  limited  extent. 
Edgar  Bedell  of  Waterford  states  that  the  birds  appear  upon  infested 
trees  early  in  the  morning  and  after  5  o’clock  in  the  afternoons. 
They  hop  slowly  down  to  the  tips  of  the  branches,  peering  in  all 
directions,  and  do  not  seem  to  have  learned  that  the  grubs  are  only 
on  the  underside  of  the  leaves.  They  desert  the  trees  after  five  to 
ten  minutes  and  are  relatively  inefficient  since  they  are  not  persistent 
and  seldom  take  more  than  five  or  ten  larvae  while  in  a  tree.  At 
other  times  they  may  be  observed  fluttering  around  the  trunk  like 
humming  birds'  and  picking  off  the  larvae  or  pupae  or  else  hopping 
under  the  tree  or  at  its  base  and  picking  up  leaves  or  other  insects. 
The  exposed  pupae  in  the  crevices  of  the  elm  bark  appear  to  be 
unmolested  for  the  great  part. 
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It  should  be  unnecessary  to  add  that  the  experience  of  the  past 
25  years  has  abundantly  demonstrated  the  practicability  of  con¬ 
trolling  the  elm  leaf  beetle  by  spraying  with  a  poison  such  as  arsenate 
of  lead.  In  other  words,  it  is  entirely  possible  for  communities  to 
protect  the  shade  trees  at  a  reasonable  cost,  and  usually  it  is  feasible 
to  detect  the  work  of  this  insect  and  estimate  its  probable  abundance 
in  ample  time  to  spray  and  thus  prevent  serious  injury,  provided  a 
spraying  equipment  and  competent  men  are  available. 

Oblong  leaf  weevil,  Phyllobius  oblongus  Linn.  This 
European  weevil  was  first  discovered  in  this  country  in  1923  at 
which  time  R.  E.  Horsey  of  the  park  department,  Rochester,  sent 
specimens  to  Dr  M.  D.  Leonard,  then  associate  state  entomologist, 
accompanied  by  the  statement  that  the  insects  were  common  on 
elm  from  June  2d  to  9th,  two  being  found  July  6th.  It  did  not 
appear  to  do  much  damage  and  no  attempt  was  made  to  control 
the  insect  by  spraying.  It  was  found  only  on  three  American  elms 
50  feet  high  or  more.  The  infestation  was  just  across  the  road 
from  a  large  collection  of  crabapples  from  northeastern  Asia  and 
North  America.  There  was  no  trace  of  the  insect  in  the  latter. 
Specimens  were  identified  by  Dr  E.  A.  Schwarz  through  the  courtesy 
of  Dr  L.  O.  Howard  of  the  Federal  Bureau  of  Entomology.  There 
was  nothing  seen  of  the  insect  in  1924. 

The  discovery  of  this  European  species  in  America  is  a  matter  of 
some  importance  since  a  number  of  our  injurious  species  have  become 
established  in  just  this  casual  way.  It  is  difficult  at  the  outset  to 
forecast  the  developments  of  the  future,  and  usually  such  infestations 
are  allowed  to  remain  unmolested  until  the  insects  have  become  so 
abundant  and  widely  distributed  as  to  make  control  and  in  particular 
exterminative  measures  exceedingly  difficult  if  not  impossible.  The 
area  where  this  insect  was  found  should  be  watched  closely  during 
the  next  few  years  and  measures  taken  if  necessary  to  prevent  the 
weevil  from  becoming  a  menace  to  our  horticultural  interests. 

This  insect  is  briefly  noticed  by  Theobald  (1909,  p.  119-20).  The 
weevil  varies  one-sixth  to  nearly  one-fifth  of  an  inch  in  length,  is 
black,  the  elytra  covered  with  dull  brown  scales,  with  a  reddish 
tinge  of  pale  gray,  the  borders  dark  almost  black,  the  head  and 
thorax  covered  with  gray  pubescence  and  also  the  wing  covers. 
The  legs  are  brown  or  yellowish.  The  weevils,  according  to  Theo¬ 
bald,  first  nibble  the  young  opening  buds  and  later  attack  the  leaves, 
occurring  in  England  from  the  beginning  of  May  until  the  end  of 
June.  Miss  Ormerod  states  that  grafted  plants  in  nurseries  are 
especially  liable  to  attack,  a  type  of  injury  also  observed  by  Theo- 
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bald.  The  insects  are  very  active  in  bright  warm  weather,  sluggish 
on  dull  days  and  frequently  occur  in  very  large  numbers  in  Kent 
and  Sussex  counties,  though  they  may  be  found  in  other  parts  of 
Britain.  Some  years  they  cause  material  injury  and  in  others  when 
apparently  abundant  there  is  no  damage.  The  females  lay  their 
eggs  in  the  ground.  The  grubs  feed  on  the  roots  of  various  kinds 
of  plants.  They  are  white,  footless,  slightly  hairy  and  with  a 
brown,  homy  head. 

It  is  possible  to  collect  the  beetles  in  dull  days  by  jarring  them 
from  the  smaller  trees.  Arsenate  of  lead  is  presumably  a  fairly  safe 
poison.  Young  grafted  stock  may  be  protected  by  the  use  of  bands 
of  grease  and  jarring  the  trees,  many  of  the  beetles  being  caught  as 
they  attempt  to  crawl  back.  Bands  of  tree  tanglefoot  would  pre¬ 
sumably  be  equally  effective. 

European  hornet,  Vespa  crabro  Linn.  This  somewhat 
recent  European  introduction  is  firmly  established  in  the  vicinity  of 
New  York  City,  ranging  north  in  the  Hudson  valley  to  southern 
Rensselaer  county.  It  usually  attracts  notice  by  injuring  smaller 
twigs  of  trees  and  shrubs,  the  bark  being  gnawed  off  in  irregular  areas, 
sometimes  girdling  the  twigs,  the  material  being  used  in  the  con¬ 
struction  of  the  large  nests  located  frequently  in  cavities  in  trees, 
in  confined  places  in  buildings,  as  between  the  rafters,  and  less 
frequently  underground.  Twigs  of  lilac  and  apple,  injured  by  this 
species,  were  received  in  October  1923  by  Dr  M.  D.  Leonard,  then 
associate  state  entomologist. 

An  unusual  and  apparently  new  type  of  injury  (see  fig.  35)  was 
brought  to  light  in  April  1926,  rhododendron  stems  some  two  inches 
in  diameter  and  collected  at  Cornwall  presenting  the  general  appear¬ 
ance  of  numerous  light  saw  cuts.  The  transverse  girdled  strips  were 
some  3/32  of  an  inch  in  width  and  one-half  to  two  and  one-half 
inches  in  length.  The  bark  and  sapwood  had  been  removed,  the 
girdled  areas  being  one-eighth  to  one-fourth  or  one-half  an  inch 
apart  and  extending  or  overlapping  to  such  an  extent  as  practically 
to  girdle  the  largest  portion  of  the  branch. 

The  limb,  in  addition,  bore  evidences  of  earlier  transverse  injury, 
indicated  by  the  approximate  margins  of  callous  tissue  both  below 
and  above  the  insect  injured  portion.  There  is  also  older  work  on 
this  branch,  indicated  in  one  section  by  a  bare  spot  some  two  and 
one-half  inches  long  and  extending  more  than  half-way  around  a 
portion  of  stem  an  inch  and  a  half  in  diameter.  This  bare  spot, 
judging  from  the  slightly  scored  sapwood,  was  injured  some  two  or 
three  years  earlier.  The  oldest  scarring  is  margined  here  and  there 
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by  rather  thick  rolls  of  callous  tissue,  in  a  few  instances  this  bordering 
a  narrow  transverse  scar,  though  in  most  cases  it  is  along  the  edges 
of  a  somewhat  extended  surface  of  exposed  dead  wood.  The  hornets 
have  evidently  been  working  on  this  particular  stem  for  three  and 
possibly  four  or  five  years.  Injury  to  this  valuable  shrub  is  decidedly 
more  serious  than  damage  to  the  more  common,  quicker  growing 
ornamentals. 

Liberal  spraying  of  the  smaller  branches  in  late  May  or  early  June 
with  arsenate  of  lead  is  one  of  the  most  promising  methods  of  pre¬ 
venting  injury  by  these  wasps.  It  is  also  possible  to  locate  the  nests 
and  to  destroy  the  inmates  by  the  use  of  calcium  cyanide.  This 
latter  would  be  the  more  effective  if  the  nests  in  the  vicinity  are 
located. 

Corythuca  marmorata  Uhler.  Rather  badly  infested 
leaves  of  the  Groundsel  tree,  Baccharis  halimifolium, 
were  received  from  R.  E.  Horsey  of  the  department  of  parks, 
Rochester,  under  date  of  July  n,  1922,  accompanied  by  the  state¬ 
ment  that  the  insects,  kindly  identified  by  Professor  C.  J.  Drake, 
state  entomologist  of  Iowa,  seem  to  feed  on  either  side  of  the  leaf, 
although  they  were  not  very  numerous  at  that  time.  He  also  adds 
that  this  is  the  first  time  they  were  noticed.  They  were  found  by 
John  Bell. 

An  examination  of  the  infested  foliage  showed  a  number  of  full- 
grown  adults  and  in  a  few  places  on  the  leaves,  especially  near  the 
midrib  on  both  upper  and  under  surface,  were  groups  of  small, 
blackened,  oval  spots,  each  showing  near  one  extremity  the  truncate 
tip  of  an  egg  with  its  black  center  and  light  gray,  rather  whitish 
margin.  There  were  also  some  irregular,  blackish,  varnishlike 
spots  upon  the  margins  of  the  leaves,  presumably  excrement. 

Elm  lace-bug,  Corythucha  ulmi  Osborn  and  Drake.  A 
small  group  of  elms  at  Brainard,  town  of  Nassau,  has  for  the  past 
four  or  five  years  shown  a  peculiar  browning  of  the  foliage  in  late 
summer  and  early  fall.  It  was  at  first  attributed  to  drought,  later 
assumed  to  be  the  work  of  red  spider  since  it  continued  year  after 
year,  the  affected  area  extending  somewhat  each  season,  the  last 
suggesting  a  somewhat  local  habit.  Finally  an  examination  Sep¬ 
tember  28,  1925,  showed  that  the  injury  at  that  time  and  with  little 
question  that  of  previous  years  was  due  to  the  work  of  a  lace-bug. 

An  examination  of  the  foliage  on  the  latter  date  showed  that  the 
leaves  were  rather  uniformly  and  badly  browned,  exuviae  giving 
unmistakable  evidence  as  to  the  identity  of  the  insect  and  the 
spotting  with  black  excreta  further  disfiguring  the  already  badly 
affected  leaves.  Adults  were  collected  at  the  base  of  the  tree  in 
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early  October  and  kindly  identified  by  Professor  C.  J.  Drake  as  the 
above-named  species.  This  is  a  comparatively  new  pest,  being 
known  in  addition  only  from  Lisbon,  Ohio  and  Litchfield,  Conn. 

The  insects  hibernate  as  adults  and  since  those  found  in  early  Octo¬ 
ber  were  closely  restricted  to  the  near  vicinity  of  infested  trees  and 
were  sheltering  in  the  surface  debris,  particularly  old  leaves,  it 
would  be  comparatively  easy  to  reduce  the  infestation  greatly  by 
burning  over  the  ground  or  using  calcium  cyanide,  much  depending 
upon  the  size  of  the  trees,  their  value  and  the  surrounding  conditions. 

Japanese  mealy  bug,  Pseudococcus  comstocki  Kuw. 
Bark  infested  by  this  insect,  kindly  identified  by  Dr  L.  O.  Howard, 
was  received  in  September  1922  from  John  F.  Fairchild,  accom¬ 
panied  by  the  statement  that  a  number  of  catalpa  trees  in  North 
Pelham,  Westchester  county,  were  infested.  A  considerable  mass  of 
whitish,  cottony  matter  containing  females  and  literally  alive  with 
the  minute,  pale  yellowish  orange  larvae  was  submitted  for  identi¬ 
fication.  Evidently  the  insect  was  extremely  abundant  or  it  would 
not  have  attracted  notice.  Reference  to  earlier  records  showed 
that  this  species  was  exceedingly  numerous  on  osage  orange  in  New 
York  City  in  1927,  producing  masses  several  inches  long  of  white, 
indistinct,  waxy  fibers  and  debris. 

Forest  Insects 

European  pine  sawfly,  Diprion  simile  Hartig.  This  rela¬ 
tively  recent  introduction  is  extending  its  range,  becoming  locally 
destructive  as  shown  by  the  following  records:  August  25,  1923, 
Dr  M.  D.  Leonard,  then  associate  state  entomologist,  received 
larvae  of  this  insect  from  Mrs  O.  J.  Spahn  accompanied  by  the 
statement  that  a  small  tree  about  four  feet  high  at  Pleasant ville, 
Westchester  county,  contained  hundreds  of  the  larvae,  many  of 
the  needles  being  destroyed.  In  a  later  letter  she  leads  one  to  infer 
that  there  was  considerable  local  injury,  possibly  by  this  insect, 
though  some  was  presumably  due  to  the  work  of  the  white  pine 
weevil,  Pissodes  strobi  Peck. 

The  same  year  Professor  C.  R.  Crosby  reported  that  this  insect 
was  eating  the  needles  of  long-leaf  pine  trees  some  six  years  old  at 
White  Plains,  Westchester  county,  there  being  150  to  200  on  one 
tree. 

A  few  larvae  of  this  insect  were  found  on  white  pine  September 
6th  of  the  same  year  at  Highland  Park,  Rochester,  by  R.  E.  Horsey 
and  transmitted  for  identification  to  Doctor  Leonard.  This  latter 
marks  a  considerable  extension  of  range  by  this  introduced  species. 
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To  date  this  insect  has  attracted  little  attention  in  New  York 
State,  though  there  are  a  number  of  records  of  its  injuring  trees  in 
Connecticut. 

Birch  leaf  skeletonizer,  Bucculatrix  canadensisella 
Chamb.  There  have  been  several  extensive  outbreaks  by  this  insect 
during  the  past  25  years,  one  or  two  being  especially  widespread. 
There  was  a  rather  general  abundance  of  the  skeletonizer  in  the 
season  of  1922,  considerable  areas  being  defoliated  in  the  eastern 
part  of  the  State  particularly  in  the  northern  Hudson  valley  and  in 
portions  of  the  Adirondacks.  The  work  of  this  species  was  most 
evident  that  season  in  the  eastern  portion  of  the  State  extending 
from  the  Adirondacks  south  into  Albany  and  Schenectady  counties. 
It  was  then  reported  as  occurring  on  white  birches  generally  from 
Lake  George  north  to  Lake  Champlain,  in  many  cases  being  so 
extremely  abundant  as  to  skeletonize  the  foliage  completely.  There 
was  also  injury  reported  that  season  from  southern  Westchester 
county  and  on  Long  Island.  It  was  found  feeding  on  a  variety  of 
birches  in  the  Rochester  public  parks. 

The  season  of  1923  was  marked  by  comparatively  little  injury. 
Dr  M.  D.  Leonard,  then  associate  state  entomologist,  received 
specimens  of  the  insect’s  work  from  Oneonta,  Otsego  county,  and 
also  from  Luzerne,  Warren  county.  Apparently  it  was  much  less 
abundant  than  the  preceding  year. 

A  very  curious  condition  prevailed  in  late  summer  of  1924  in  that 
the  skeletonizer  occurred  in  small  numbers  on  birches  through 
Saratoga  and  Schenectady  counties  in  particular,  causing  hardly 
appreciable  injury  and  practically  none  in  the  extreme  eastern  part 
of  the  State  and  in  portions  of  Massachusetts  within  20  to  40  miles 
of  the  New  York  State  line.  A  little  farther  east,  particularly  on 
the  northern  and  eastern  slopes,  the  skeletonizer  was  extremely 
abundant,  destroying  all  the  birch  foliage  over  large  areas.  Similar 
skeletonizing,  we  are  informed  through  the  courtesy  of  Professor 
H.  T.  Femald  of  Amherst,  was  very  apparent  in  eastern  Massa¬ 
chusetts. 

European  birch  sawfly  miner,  Penusa  pumila  King.  The 
work  of  this  recently  established  European  species  first  came  to  the 
writer’s  attention  in  the  summer  of  1923,  its  work  being  observed 
then  in  eastern  New  York  and  southern  Connecticut.  The  species 
was  first  reared  and  its  identity  established  by  Messrs  Britton  and 
Friend  (1924,  p.  601)  the  authority  responsible  for  the  determination 
being  Mr  Rohwer  of  the  United  States  National  Museum. 

The  work  of  this  insect  at  a  distance  is  very  suggestive  of  that  of 
the  birch  leaf  skeletonizer,  Bucculatrix  canadensisel  a 
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Chamb. ,  although  it  is  at  once  distinguished  by  the  fact  that  this 
is  a  true  leaf  miner,  the  pale  sawfly  larvae  working  between  the  upper 
and  lower  epidermis  of  the  leaf.  This  miner  also  limits  itself  very 
largely  to  the  more  tender  terminal  leaves,  and  when  abundant  may 
produce  a  characteristic  browning  of  the  foliage  easily  recognized  at 
a  distance.  This  insect  apparently  breeds  throughout  much  of  the 
season,  possibly  producing  several  generations,  since  its  work  has 
been  observed  in  New  York  State  from  some  time  in  June  until 
well  into  September.  This  miner  produces  a  broad,  irregular  blotch 
mine  which  quickly  browns. 

This  small  insect  evidently  drifts  rapidly  with  the  wind,  since  it 
appears  to  have  become  extensively  distributed  in  western  New 
England  and  eastern  New  York  State  within  a  short  time.  It  was 
observed  by  the  writer  at  South  Hadley,  Mass.,  in  the  Connecticut 
valley,  in  small  numbers  in  the  Berkshire  region,  and  rather  com¬ 
monly  from  south  of  Albany  north  to  Saratoga  and  westward  to 
Binghamton.  It  was  extremely  numerous  on  the  sandy  birch- 
covered  areas  about  Saratoga,  in  the  vicinity  of  Albany  and  in 
southern  Rensselaer  county,  acres  of  gray  birches  showing  the 
characteristic  browning  of  the  younger,  more  tender  foliage,  this 
being  especially  marked  in  the  case  of  birch  sprouts  three  to  five 
feet  high.  Fortunately  the  gray  birch  is  a  tree  of  little  commercial 
value  and  the  recent  establishment  of  this  insect  is  of  relatively 
small  economic  importance. 

A  rare  attack  on  pine.  Tetralopha  robustella  Zeller, 
a  species  recorded  in  Dyar’s  catalog  from  Texas  and  Colorado,  also 
reported  from  Florida  and  later  from  Connecticut,  is  certainly  rare 
in  the  East  and  one  very  seldom  brought  to  notice.  There  is  a 
record  in  the  report  for  1918  by  Dr  W.  E.  Britton,  state  entomologist 
of  Connecticut,  pages  349-50,  of  an  attack  the  preceding  fall  on  white 
pine  at  Greenwich,  Conn.  The  larvae  lived  in  silken  tubes  extend¬ 
ing  through  a  globular  mass  of  their  droppings,  the  whole  being  two 
inches  or  more  in  diameter.  Specimens  of  this  insect  were  received 
by  Dr  M.  D.  Leonard,  then  associate  state  entomologist,  in  October 
1923  from  C.  H.  Zimmer.  They  had  been  collected  from  Austrian 
pine  at  Lynbrook,  L.  I.  The  species  was  identified  through  the 
courtesy  of  Doctor  Howard  by  Carl  Heinrich  of  the  National 
Museum. 

The  caterpillar  of  this  insect  has  been  described  by  Doctor  Britton 
as  follows : 

Length  about  one  inch,  light  brown  or  tan  with  four  narrow, 
black  or  dark  brown  longitudinal  stripes,  the  middle  ones  being 
broader  than  the  lateral  ones;  hair  lines  in  the  transverse  sutures 
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between  segments  and  also  irregularly  arranged.  Head  light  brown, 
marked  with  black  or  dark  brown  patches.  Legs  and  prolegs  light 
brown,  unicolorus  with  ventral  surface.  Scattered  hairs  are  borne 
on  the  head,  and  dorsally,  ventrally  and  laterally  on  each  segment. 

The  following  is  Doctor  Britton’s  description  of  the  adult: 

The  moth  has  a  wing  expanse  of  about  an  inch,  of  a  general 
grayish  brown  color,  slightly  more  than  a  third  and  less  than  half 
of  forewings  at  base,  dark  brown;  beyond  this  is  a  broad  transverse 
band  of  pearl  gray  with  dark  discal  dot  near  center;  apical  portion 
grayish  brown,  lighter  than  base  and  nearly  uniform  with  color  of 
rear  wings.  Under  surface  nearly  uniform  grayish  brown,  the  rear 
margins  of  forewings  being  somewhat  lighter. 

A  parasite,  M  e  t  e  o  r  u  s  n.  sp.,  identified  by  C.  F.  W.  Muese- 
beck  through  the  courtesy  of  Doctor  Howard,  was  reared  from  this 
material. 

Thorough  and  timely  spraying  with  arsenate  of  lead  would  doubt¬ 
less  check  this  insect  in  case  of  a  severe  infestation. 

European  pine-needle  miner,  Ocnerostoma  piniariella 
Zeller.  This  European  species  was  apparently  first  taken  in  this 
country  at  Ithaca  by  Professor  J.  H.  Comstock  in  1882.  It  was 
next  brought  to  notice  through  the  reception  at  this  office  of  western 
white  pine  needles  under  date  of  June  28,  1922,  accompanied  by  the 
statement  that  the  material  was  collected  at  Hilltont’s  farm  near 
Abbotsford,  British  Columbia,  and  that  the  larvae  appears  to  mine 
one  needle  of  the  whorl  and  then  forsake  its  gallery  and  spin  a  slight 
cocoon  between  the  needles,  the  adults  issuing  the  latter  part  of  July 
as  evidenced  by  specimens  forwarded  by  Dr  J.  S.  Boyce.  The 
general  character  of  the  work  is  suggestive  of  our  native  pine  leaf 
miner,  Paralechia  pinifoliella  Chambs.,  except  that  this 
insect  pupates  in  a  loose  cocoon  constructed  on  the  outside  of  the 
needles.  The  British  Columbia  material  was  identified  by  Doctor 
August  Busck  of  the  United  States  National  Museum  (Felt,  1922, 
p.  432-33;  1924,  p.  351).  The  insect  apparently  has  continued  in 
small  numbers  at  Ithaca,  since  specimens  were  captured  there  July 
13th  by  Dr  W.  T.  M.  Forbes  (1924,  p.  173). 

White  pine  weevil,  Pissodes  strobi  Peck.  The  greatly 
increased  planting  of  white  pine  in  connection  with  the  reforestation 
program  of  the  State,  brought  the  work  of  this  insect  to  the  front, 
since  in  certain  areas  at  least  it  is  a  most  serious  enemy  of  pine  trees 
two  to  ten  feet  in  height  or  thereabouts.  Observations  in  the  past 
years  have  shown  that  pine  plantings  in  sections  where  the  native 
pines  are  bushy  and  greatly  branched,  are  very  likely  to  be  seri¬ 
ously  affected  by  this  insect. 
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An  examination  of  some  seven  acres  of  recently  planted  pines  in 
northern  Columbia  county  disclosed  an  interesting  condition.  The 
pines  varied  in  height  from  approximately  three  to  15  feet  and 
a  very  considerable  portion,  possibly  75  per  cent,  showed  injury 
by  the  weevil.  The  growth  of  many  of  these  trees  was  decidedly 
bushy.  A  few  were  noted  where  the  leaders  had  been  killed 
at  three  different  periods  of  the  development  of  the  trees,  and  in 
some  cases,  two  shoots  were  competing  for  leadership.  There  was 
evidence  to  show  that  some  of  the  leaders  might  be  rather  seriously 
infested  by  the  weevil  and  yet  not  killed.  This  was  indicated  by 
the  stunted  growth  and  the  very  rough,  irregular,  swollen  areas  on 
the  affected  parts.  Occasionally  this  damage  was  severe  enough  to 
result  in  a  small  area  of  exposed  dead  wood  several  years  after  the 
initial  injury.  A  very  low  percentage  of  the  trees  had  made  a  rapid 
normal  growth  and  possessed  the  strong  leaders  lumbermen  like  to 
see. 

There  were  in  the  vicinity  a  number  of  larger  pines  and  on  these 
severe  injury  was  noted  at  20,  25  and  even  35  feet  from  the  ground, 
though  damage  of  this  character  was  proportionately  very  much  less 
than  in  the  case  of  small  trees.  It  would  seem,  from  a  general 
survey  of  this  planting,  one  could  not  afford  to  allow  recently  planted 
areas  to  become  seriously  affected  by  the  weevils.  It  is  believed 
that  protection  for  even  two  or  three  years  at  the  time  maximum 
injury  is  likely  to  occur,  namely  when  the  trees  vary  in  height  from 
two  to  ten  feet  or  thereabouts,  would  result  in  greatly  reducing  the 
ravages  of  this  pest. 

A  moderately  thick  planting  with  the  expectancy  of  a  loss  not 
exceeding  10  per  cent  may  be  advisable,  though  in  this  particular 
case  the  loss  would  run  considerably  higher.  The  interplanting  of 
Scotch  with  white  pine  is  also  worthy  of  consideration  since  the  rapid 
early  growth  of  the  Scotch  pine  protects  the  white  pine  to  a  con¬ 
siderable  extent.  The  Scotch  pines  can  be  later  cut  for  box  boards 
or  other  cheap  lumber. 

The  systematic  cutting  and  burning  of  infested  shoots  in  the  first 
half  of  July  or,  better  still,  the  placing  of  such  infested  material  in 
barrels  covered  with  ordinary  mosquito  netting,  would  result  in 
checking  the  multiplication  of  the  weevil,  and  if  the  latter  course 
was  pursued,  the  parasites  could  escape  and  continue  their  beneficial 
work.  There  is  a  serious  defect  in  this  measure  since  much  injury 
is  caused  before  the  pest  is  checked. 

The  systematic  collecting  and  destruction  of  the  weevils  during 
the  warm  days  of  early  spring  and  continuing  at  three  to  five  day 
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intervals  until  practically  no  weevils  are  captured,  has  the  merit  of 
destroying  the  insects  before  there  has  been  any  material  injury. 
Furthermore,  it  affords  a  certain  amount  of  protection  for  more 
than  one  season.  The  problem  in  connection  with  this  last  is  to 
bring  the  operation  within  reasonable  cost  limits,  and  that  by  no 
means  seems  impossible. 

Pales  weevil,  Hylobius  pales  Boh.  This  insect  is  a  well- 
known  feeder  upon  the  stems  of  young  pines  and  has  been  associated 
occasionally  with  serious  injury  to  small  trees.  It  appeared  in  a  new 
r61e  (Felt,  1926,  p.  795),  in  a  recent  planting  of  Scotch  pine  some  15 
years  old  at  Ballston  Spa.  The  injury  was  brought  to  our  notice  in 
June  1926  by  Dr  H.  H.  York  of  the  State  Conservation  Commission, 
and  in  his  opinion  100  per  cent  of  the  trees  were  infested.  They 
ranged  from  one  and  one-half  inches  to  five  inches  in  diameter  and 
were  set  some  ten  to  15  feet  apart.  An  examination  at  that  time 
showed  at  the  base  of  the  trees  below  the  surface  of  the  ground 
considerable  masses  of  pitch-infiltrated  soil,  and  in  cells  of  this 
material  or  working  in  the  cambium  of  the  trees,  there  were  whitish 
grubs  of  this  species  and  also  some  of  Pissodes,  probably  P . 
approximatus  Hopk.  The  young  pines  were  bordered  on  two 
sides  by  old  hard  pines,  the  probable  source  of  the  infestation. 
A  dead  tree  with  a  trunk  diameter  of  two  and  one-half  inches 
examined  June  25th  showed  an  irregularly  eaten  area  completely 
girdling  the  trunk  a  little  below  the  surface  and  more  or  less  covered 
with  exuded  masses  of  pitch.  A  pine  evidently  possessed  of  con¬ 
siderable  vitality  and  with  a  trunk  diameter  of  three  inches  was 
irregularly  girdled  a  little  below  the  surface  for  about  three-quarters 
of  its  circumference.  The  infested  roots  and  adjacent  soil  were 
more  or  less  moist  and  with  a  distinct  resinous  odor.  Another  tree 
in  a  similar  condition  had  the  girdled  area  extending  approximately 
half  way  around  the  circumference  and  limited  almost  entirely  to 
parts  below  the  surface  (see  fig.  36).  A  larger  tree  with  a  leader 
growth  for  the  season  of  18  inches  and  equally  satisfactory  growth 
the  preceding  year  and  therefore  presumably  in  excellent  health, 
showed  irregular  workings  at  the  base  of  the  roots,  although  there 
was  no  girdling  even  on  one  side.  In  one  case  the  borings  extended 
along  a  large  root  for  a  distance  of  approximately  four  inches  from 
the  base  of  the  trunk.  The  grubs  were  found  working  on  or  close 
to  the  living  tissues  as  well  as  in  the  resinous  matter  and  earlier 
rearings  from  grubs  the  last  of  June  produced  specimens  of  Pissodes. 

An  examination  of  the  infested  planting  July  30th  resulted  in 
finding  a  few  large  pupae  at  the  base  of  badly  infested  pines,  one  of 
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these  transforming  to  a  pales  weevil  the  next  day.  The  size  of 
these  pupae  indicated  their  identity  with  the  larger  larvae  observed 
earlier.  At  this  date  several  of  the  badly  infested  pines  had  been 
broken  off  or  tipped  over  by  a  severe  wind. 

On  September  8th,  four  adult  pales  weevils  were  taken  in  this 
plantation  at  the  base  of  a  six-inch  Scotch  pine,  there  being  a  larva, 
a  partly  transformed  adult,  two  tenereal  specimens  and  one  well- 
hardened  beetle.  The  leader  of  this  pine  had  grown  about  12  inches 
and  the  tree  appeared  just  a  little  off-color  with  the  needles 
somewhat  under  normal  size.  The  base  of  the  tree  was  practically 
girdled  and  surrounded  with  pitch-infiltrated  soil.  This  insect  was 
not  found  elsewhere  and  none  was  taken  at  the  base  of  obviously 
ailing  trees,  the  latter  indicating  a  presumably  close  relation  to 
injured  living  tissues.  No  Pissodes  larvae  or  adults  were  taken 
though  careful  search  was  made  both  above  ground  and  at  the  base 
of  affected  trees.  There  was  at  this  date  a  considerable  number  of 
pines  which  had  yellowed  or  were  yellowing  rapidly,  an  indication 
that  the  earlier  estimate  of  the  infestation  was  substantially  correct. 

The  offender  is  with  little  question  the  pales  weevil,  although  as 
stated  above  some  Pissodes  were  reared  in  the  earlier  part  of  the 
season.  Even  then  larger  grubs,  presumably  those  of  Hylobius 
were  noticeably  more  abundant  than  the  smaller  ones,  probably 
Pissodes,  although  the  two  were  not  differentiated  at  that  time. 

Spruce  leaf  miner,  Olethreutes  abietana  Fern.  This 
comparatively  unknown  insect,  the  light  greenish  larvae  of  which 
mine  and  web  together  the  leaves  of  various  spruces,  was  exceedingly 
abundant  in  different  sections  of  New  York  State  in  1925,  infested 
material  having  been  received  from  Buffalo,  Rochester,  Wilmington, 
Essex  county,  and  collected  in  the  vicinity  of  New  York  City.  It 
has  also  been  reported  from  the  vicinity  of  Syracuse. 

The  infested  blue  spruce  received  from  Wilmington  on  July  20th, 
consisted  only  of  two  very  small  twigs.  They  showed  a  few  green 
needles  and  a  great  many  brown,  mined  ones  loosely  webbed  together, 
the  web  being  rather  well  filled  with  castings  and  also  containing 
numerous  cylindrical  brown  cocoons  thickly  covered  with  minute 
castings  and  about  one-fourth  of  an  inch  long  and  one-eighth  of  an 
inch  in  diameter.  There  were  over  30  of  these  on  the  two  sprays. 
A  flat  branch  some  9  by  12  inches  in  major  dimensions  produced 
by  midsummer  220  of  the  small  grayish  moths.  A  few  of  the  small 
rather  active,  greenish  caterpillars,  a  little  over  one-fourth  of  an 
inch  long,  were  feeding  at  the  time  the  material  was  received. 
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The  eggs  are  deposited  in  midsummer  in  linear,  overlapping  series 
along  the  needle,  in  one  case  there  being  seven,  the  length  of  the 
series  being  about  one-sixth  of  an  inch  and  of  an  individual  egg 
approximately  i  /30  of  an  inch.  The  eggs  are  pale  yellowish,  trans¬ 
parent,  the  green  of  the  needle  dominating  on  the  thin  margins  and 
presumably  affecting  the  color  to  some  extent,  even  in  the  thicker 
part  of  the  egg.  They  are  so  flat  that  they  project  only  slightly 
above  the  shallow  groove  in  the  side  of  the  needle. 

A  number  of  parasites,  Ascogaster  provancheri  Dalle 
Torre,  were  reared  and  are  presumably  important  natural  enemies. 

A  related  species,  Epinotia  nanana  Treitsche,  was  reared 
from  infested  twigs  of  Norway  spruce  and  hemlock  collected  at 
Scarsdale,  the  small,  dull  greenish,  brown-headed  larvae  working  at 
the  base  and  mining  adjacent  needles  in  a  whorl.  There  was  also 
a  minor  infestation  of  Recurvaria  piceaella  Kearfott, 
the  larva  of  which  works  in  a  similar  manner  in  spruce  and  has 
been  recorded  in  some  numbers  from  both  red  spruce  and  fir  in 
Maine  (Johannsen,  1913,  p.  32-33). 

Spraying  with  a  tobacco  soap  preparation  at  standard  strength, 
applied  about  the  middle  or  latter  part  of  July,  would  very  probably 
destroy  many  of  the  young  miners.  Since  most  of  the  feeding  occurs 
in  early  spring  and  the  caterpillars  enter  a  number  of  needles,  spray¬ 
ing  from  the  first  to  the  middle  of  May  with  arsenate  of  lead,  used 
at  the  rate  of  at  least  four  pounds  of  the  powder  to  100  gallons  of 
water  is  a  most  promising  check  upon  these  annoying  and  nearly 
unknown  pests. 

None  of  the  trees  examined  had  a  very  large  proportion  of  the 
needles  affected,  although  this  was  not  true  of  the  small  spray 
noticed  above.  It  is  probable  that  in  most  cases  relatively  little 
actual  injury  is  involved,  although  ornamentals  may  be  rather 
seriously  disfigured  by  the  somewhat  abundant  webbing  at  the 
base  of  infested  needles  and  the  trees  furthermore  rendered  objec¬ 
tionable  by  the  small  caterpillars  frequently  hanging  from  threads 
when  nearly  full  grown. 

Argyresthia  freyella  Walshingham.  Cocoons  presum¬ 
ably  of  this  species  were  received  under  date  of  June  3,  1925,  from 
Joseph  Richards,  Boston,  Mass.,  and  numbered  A3355.  One  moth 
was  reared  June  15,  1925. 

Cocoon,  length  4  mm,  diameter  1.25  mm,  silvery  gray  to  whitish, 
tapering  somewhat  at  both  extremities  and  neatly  fastened  along 
the  entire  length  of  one  side  to  a  branchlet  or  even  to  a  needle.  A 
few  of  the  cocoons  have  a  peculiar  mottled  appearance,  due  to  a 
yellowish  brown  adherent  substance. 
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Powder-post  beetles  (Lyctus  spp.)  and  automobiles.  The 

work  of  powder-post  beetles  in  well-seasoned  wood  is  somewhat 
common  and  turns  up  in  many  unexpected  situations.  One  of  the 
latest  is  a  complaint  of  the  work  of  these  beetles  accompanied  by 
injury  to  upholstering  on  one  of  the  high-priced,  popular  makes  of 
automobiles.  There  have  been  in  recent  years  several  reports  of 
powder-post  beetle  work  in  the  trim  of  apartment  houses  in  New 
York  City.  The  trouble  in  every  case  has  been  due  to  the  use  of 
sapwood.  This  should  be  treated  with  some  preservative  before 
being  incorporated  into  a  costly  building  or  an  expensive  machine 
because  there  is  no  very  satisfactory  method  of  handling  the  problem 
later,  aside  from  the  use  of  heat,  and  this  simply  kills  the  insects 
in  the  wood  and  does  not  prevent  reinfestation. 

Notes  on  Insect  Galls 

Choke  cherry  midge,  Contarinia  virginianiae  Felt. 
Specimens  of  this  gall  collected  by  Edith  M.  Patch  at  Orono,  Me., 
and  also  at  Presque  Isle  were  received  under  date  of  June  29,  1922, 
accompanied  by  the  statement  that  the  insect  was  very  abundant 
at  the  latter  locality  and  that  a  squirrel  was  observed  feeding  upon 
the  infested  fruit  and  thus  cleaning  up  one  tree. 

Poison  ivy  root  galls.  Typical  specimens  of  the  galls  of  D  a  s  y  - 
neura  rhois  Coq.  were  received  under  date  of  September  22, 
1924,  from  L.  H.  Weld,  East  Falls  Church,  Va.  These  galls  are 
angular,  brown,  somewhat  seedlike  swellings  with  a  diameter  of 
about  one-eighth  of  an  inch.  They  occur  on  the  rootlets.  It  is 
interesting  to  note  that  this  insect  was  first  brought  to  notice  in 
1895  and  apparently  the  gall  has  not  been  seen  since  that  time. 
An  examination  of  poison  ivy  roots  at  Whitehall,  Washington  county, 
in  October  showed  this  insect  to  be  common  in  one  locality.  The 
species  was  originally  described  from  Lebanon  Springs,  Columbia 
county.  It  has  not  been  found  in  other  parts  of  the  State,  although 
poison  ivy  roots  in  several  widely  separated  localities  were  examined 
as  opportunity  offered. 

The  above-mentioned  sending  of  Dasyneura  galls  from  Mr  Weld 
was  also  accompanied  by  a  number  of  much  larger  root  galls,  appar¬ 
ently  bud  swellings  arising  from  the  larger  roots  and  approximately 
one-half  an  inch  in  diameter.  This  is  a  new  gall  and  the  producer 
has  yet  to  be  reared. 

Andricus  coronus  Beutm.  The  gall  of  this  species  was 
exceedingly  abundant  upon  water  oak  according  to  Robert  S.  Walker, 
Chattanooga,  Tenn.,  in  April  1922.  Specimens  were  also  received 
trom  J.  A.  Berly  from  both  Anderson  and  Greenwood,  S.  C.,  accom- 
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panied  by  queries  which  would  indicate  a  considerable  degree  of 
abundance,  while  O.  I.  Snapp  reported  the  galls  as  “  very  bad  on 
water  oaks  used  as  ornamentals  in  Fort  Valley,  Ga.”  Apparently 
this  somewhat  uncommon  gall  insect  has  been  unusually  numerous 
in  several  widely  separated  localities. 

Callirhytis  clarkei  Bass.  Specimens  of  this  very  strik¬ 
ing  gall  were  collected  by  Dr  H.  D.  House,  May  24,  1922,  on 
Quercus  ilicifolia  occurring  on  the  western  edge  of  Albany. 
Doctor  House  stated  that  .the  infestation  was  extremely  localized, 
being  confined  to  one  bush  and  to  a  branch  of  another  some  300 
yards  away,  although  this  scrub  oak  was  common  in  the  surrounding 
area.  The  specimens  collected  agree  very  closely  with  Bassett’s 
happy  comparison  to  elongated  blackberries. 

This  species  does  not  appear  to  have  been  recorded  heretofore 
from  New  York  State,  although  it  is  listed  by  Smith  as  occurring  on 
Quercus  nanain  the  New  Jersey  district. 

Long  rose  gall,  Rhodites  dichlocerus  Harr.  A  number 
of  specimens  of  roses,  Rosa  rugosa,  were  received  under  date 
of  September  18,  1922,  from  George  N.  Sleight,  secretary  of  the  board 
of  education,  Ironwood,  Mich.,  accompanied  by  the  statement  that 
the  roses  on  the  high  school  and  domestic  science  grounds  were  badly 
infested,  the  stems  down  to  the  ground  being  affected. 

An  examination  of  the  material  showed  a  very  general  prevalence 
of  galls,  many  of  them  evidently  having  developed  from  low,  lateral 
buds.  In  these  cases  the  growth  was  frequently  about  two  inches 
long,  irregularly  fusiform,  with  a  major  diameter  of  one-half  an  inch 
and  rather  thickly  and  somewhat  coarsely  spined.  One  shoot  in  the 
sending  showed  two  dead  twigs  which  had  been  infested  the  previous 
year  and  a  group  of  three  rather  stout,  lateral  bud  galls.  Another 
small  shoot,  about  15  inches  long,  bore  six  terminal  or  subterminal 
galls,  each  so  located  that  the  bush  would  be  compelled  another 
season  to  throw  out  adventitious  buds.  A  stouter  shoot  bore  eight 
galls  which,  as  in  the  preceding,  were  so  located  as  to  prevent  develop¬ 
ment  another  season  except  from  adventitious  buds.  The  infesta¬ 
tion  was  evidently  local,  since  it  was  stated  that  no  signs  of  the 
trouble  were  evident  only  a  block  away,  nor  on  other  schoolgrounds 
in  different  parts  of  the  city. 

This  extreme  infestation  was  doubtlessly  caused  by  unusually 
favorable  conditions.  The  only  practical  control  would  be  to  remove 
and  to  burn  the  infested  bushes  or  parts  of  bushes.  The  probabilities 
are  against  a  continuance  of  the  severe  infestation,  even  if  no  active 
repressive  measures  were  adopted. 
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Miscellaneous 

A  natural  freak:  Fifteen- spotted  lady  beetle,  Anatis  quin- 

quedecimpunctata  Oliv.  A  lady  beetle  or  lady  bug, 
pierced  by  a  pine  needle,  would  seem  nearly  impossible  under  natural 
conditions,  yet  such  a  specimen  was  sent  to  the  State  Entomologist 
under  date  of  July  17,  1924,  by  Harry  D.  Longstaff,  then  at  Horicon. 
The  specimen  was  accompanied  with  a  statement  that  the  insect 
was  alive  when  found  and  the  needle  attached  to  the  pine  twig. 
Moreover,  this  was  on  the  top  of  an  Adirondack  mountain  near  a 
cliff  and  remote  from  habitations,  consequently  this  odd  condition 
could  hardly  have  been  the  work  of  children.  An  examination  of 
the  specimen  showed  that  it  had  been  neatly  pierced  by  the  pine 
needle,  a  portion  approximately  one-fourth  of  an  inch  long  protruding 
from  the  under  surface.  There  was  no  crushing  or  mangling  of  the 
insect  such  as  would  have  been  probable  if  the  beetle  had  been  thrust 
upon  the  pine  needle  by  a  shrike.  The  neat  entrance  and  exit  of 
the  needle  and  the  color  of  the  beetle  showed  that  it  had  recently 
transformed  from  the  pupa  to  the  adult  and  was  therefore  presumably 
in  a  soft  tender  condition  at  the  time  the  branch,  swinging  in  the 
wind,  drove  the  somewhat  old  and  stiff  pine  needle  through  the  insect 
and  lifted  it  from  an  adjacent  support.  It  is  one  of  the  curious  acci¬ 
dents  which  might  easily  happen  and  generally  escapes  notice.  A 
beetle  transfixed  in  this  manner  might  easily  live  several  hours  and 
possibly  a  day  or  two. 

Nothing  of  the  kind  has  come  to  our  attention  before  during  some 
30  years’  study  of  insect  life.  This  species,  both  the  adults  and  grubs, 
feeds  on  aphids  or  plant  lice  and  is  therefore  beneficial. 

Crazy  ant,  Paratrechina  longicornis  Latr.  Early 
in  October  1926  our  attention  was  drawn  to  what  appeared  to  be  faint 
causeless  shadows  flitting  over  the  floor  of  a  railroad  station  in  Buffalo, 
N.  Y.  At  first  the  appearance  was  thought  to  be  due  to  tiny  midges, 
especially  as  cotton  moths  were  also  to  be  seen  and  the  evening  was 
warm.  The  little  creatures  were  extremely  active,  running  freely 
forward,  backward  and  sideways  apparently  with  equal  facility  and 
appeared  to  be  little  more  than  animated  shadows.  Specimens 
were  captured  and  proved  to  be  extremely  small,  slender  ants  some 
three-sixteenths  of  an  inch  long  with  remarkably  long  legs  and  anten¬ 
nae.  They  were  kindly  identified  by  Professor  W.  M.  Wheeler  as 
the  above-named  species.  He  states  that  it  is  a  very  common 
tropical  ant  possibly  of  Old  World  origin  but  now  a  great  nuisance 
about  houses  in  the  West  Indies.  He  believes  it  to  be  the  “  sugar 
ant  ”  of  Linnaeus,  since  it  is  very  fond  of  sugar,  and  adds  that  it 
occasionally  occurs  in  heated  buildings  throughout  the  year  in  higher 
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latitudes.  He  has  noticed  them  in  several  buildings  in  New  York 
City  and  in  the  present  instance  suspects  that  it  is  nesting  in  the 
woodwork  of  a  nearby  restaurant. 

R.  M.  Smith  in  a  list  of  the  ants  of  Mississippi  (1924,  p.  122) 
records  this  insect  from  Gulfport  and  Biloxi,  stating  that  the  species 
infested  houses,  stores,  cafeterias  etc.,  but  so  far  has  not  been  so 
troublesome  as  the  Argentine  Ant.  Doctor  Wheeler  (1919,  p.  113) 
states  that  this,  with  several  associated  species,  is  everywhere  an 
abundant  “  Tramp  ”  in  the  tropics  of  both  hemispheres,  and  in  his 
volume  on  the  family  (1910,  p.  156)  states  that  good  reasons  have 
been  given  for  believing  that  the  original  home  of  this  species  is 
India,  it  having  been  carried  to  all  parts  of  the  tropics  in  ships. 

Solitary  bees  in  lawns.  These  extremely  interesting  insects,  some 
of  them  tunneling  to  a  depth  of  five  and  even  six  feet,  frequently 
form  colonies  of  considerable  size  and  occasionally  locate  in  areas 
where  their  operations  are  detrimental.  This  occurred  in  July  1922 
when  a  species  identified  as  Halictus  virescens  Fabr.  was 
transmitted  from  Catskill,  N.  Y.,  accompanied  by  the  statement  that 
the  bees  were  destroying  a  lawn.  Bare  spots  were  reported  here 
and  there  in  the  lawn  and  the  bees  were  said  to  be  burrowing  more 
or  less  over  its  entire  surface  although  there  were  areas  where  they 
were  decidedly  more  abundant. 

In  May  1926  our  attention  was  called  to  a  similar  condition  in  a 
lawn  at  Loudonville,  the  insect  in  this  instance  being  identified  by 
H.  L.  Viereck  as  Andrena  regularis  Malloch.  Approxi¬ 
mately  one-fourth  an  acre  of  the  lawn  was  infested  by  the  bees, 
which  were  decidedly  more  abundant  in  areas  where  the  sod  was  thin 
and  poor.  There  were  practically  none  in  sections  where  the  grass 
was  in  excellent  condition.  It  was  stated  that  the  bees  first  appeared 
upon  the  lawn  some  five  or  six  years  ago,  a  date  suggesting  that  the 
infestation  may  have  followed  less  attention  to  keeping  the  lawn  in 
the  best  of  condition. 

The  burrows  of  this  bee  are  marked  by  small  piles  of  sand,  possibly 
half  an  inch  high  and  an  inch  and  a  half  or  two  inches  in  diameter, 
the  entrance  hole  or  holes  being  in  or  near  the  center.  In  some  por¬ 
tions  of  the  infested  lawn  the  burrows  are  within  two  or  three  inches 
of  each  other,  although  over  most  of  it  the  distance  is  somewhat 
greater,  five  and  possibly  six  inches.  Calculations  based  on  a  photo¬ 
graphed  area  of  300  square  inches  indicate  376,362  holes  to  an  acre 
(see  figs.  37,  38). 

A  small  yellowish  guest  bee,  identified  by  H.  L.  Viereck  as  most 
probably  Nomada  perplexa  Cress,  was  observed  flying 
about  the  infested  area.  Several  specimens  were  seen,  all  near  the 
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entrance  to  the  burrows,  and  two  at  least  repeatedly  flew  down  to 
the  mouth  of  the  burrow  and  one  started  to  enter.  They  apparently 
were  looking  for  favorable  opportunities  to  enter  for  the  purpose  of 
ovipositing  in  the  cells. 

A  portion  of  the  infested  area  was  dusted  rather  frequently  and 
freely  with  grade  A  calcium  cyanide  and  a  number  of  bees  were  killed, 
although  this  did  not  usually  occur  until  io  to  15  minutes  after  the 
application.  Even  repeated  puffings  of  the  dust  about  bees  in  flight 
failed  to  knock  them  down  unless  there  was  an  unusually  dense 
cloud. 

Watering  liberally  with  a  tobacco  soap  preparation  resulted  in 
killing  many  of  the  bees  at  the  surface.  Some  15  to  30  minutes  after 
the  application  there  were  apparently  much  larger  numbers  flying 
over  the  sprinkled  area.  These  may  have  been  attracted  somewhat 
by  the  moisture  or  perhaps  driven  from  or  prevented  from  entering 
the  burrows  by  the  nicotine  fumes. 

Holly  leaf  miner,  Phytomyza  ilicis  Curtis.  The  work 
of  this  insect  was  observed  at  Syosset  on  Long  Island  in  May  1921 
and  again  came  to  attention  at  Westbury  in  April  1925.  In  each 
instance  there  was  a  general  and  somewhat  severe  infestation.  A 
very  considerable  proportion  of  the  leaves  had  the  entire  upper 
surface  mined  and  browned  by  the  work  of  this  insect,  it  being  par¬ 
ticularly  pronounced  on  the  sunny  portions  of  the  shrubs.  Some  of 
the  lower  and  more  sheltered  leaves  contained  only  a  few  of  the 
characteristic  serpentine  mines.  Dull  yellowish  and  brownish  larvae 
were  rather  common  in  the  affected  leaves,  indicating  these  as  the 
normal  place  of  hibernation.  The  vigor  of  the  shrubs  did  not  appear 
to  be  materially  affected,  although  the  foliage  was  badly  discolored. 
This  insect  appears  to  have  persisted  on  Long  Island  for  several 
years  and  for  a  time  the  discoloration  of  the  foliage  was  supposed  to 
be  caused  by  sun  scald.  Rearings  in  1925  resulted  in  obtaining  a 
number  of  flies  the  latter  part  of  April.  It  is  comparatively  easy 
to  determine  by  examination  whether  the  maggots  or  pupae  still 
remain  in  the  leaves,  in  which  event  remedial  measures  might  be 
advisable. 

The  early  picking  and  burning  of  the  affected  leaves,  especially  if 
thoroughly  done,  would  greatly  reduce  the  numbers  of  the  insect, 
and  if  the  holly  is  somewhat  isolated,  systematic  picking  year  after 
year  might  result  in  the  local  extermination  of  the  insect.  It  is 
quite  possible  that  thorough  spraying  with  a  contact  insecticide, 
such  as  black  leaf  40,  three-fourths  of  a  pint  to  100  gallons  of  water, 
to  which  are  added  six  to  eight  pounds  of  soap,  would  destroy  many 
of  the  insects  before  they  had  an  opportunity  to  escape.  Even 
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better  results  might  be  secured  from  the  use  of  one  of  the  miscible 
oils,  provided  foliage  injury  could  be  avoided. 

Lunate  onion  fly,  Eumerus  strigatus  Fall.  This  insect 
is  occasionally  brought  to  attention  in  New  York  State,  and  in  19  n 
a  number  of  infested  iris  roots  from  two  separate  localities  in  Saratoga 
were  received,  from  which  adults  were  reared. 

Early  in  1925  a  question  arose  as  to  the  distribution  of  this  insect 
in  New  York  State  and  the  possibility  of  its  wintering  successfully 
under  our  conditions.  During  July  of  that  season  a  little  collecting 
in  one  of  the  above-mentioned  Saratoga  gardens  demonstrated  the 
somewhat  common  occurrence  of  the  flies  and  the  possibility  of  their 
wintering  successfully  in  that  locality.  Supplementary  collecting 
resulted  in  the  capture  of  adults  at  Amsterdam,  Schenectady,  Albany, 
Greenville  and  Athens  in  the  eastern  section  of  the  State,  and  at 
Geneva  in  the  central  portion.  None  was  found  in  iris  beds  at 
Rochester,  East  Aurora  and  Fredonia  in  the  western  section  of  the 
State  and  in  several  localities  where  there  were  small  numbers  of 
plants  in  the  eastern  area.  These  negative  records  by  no  means 
indicate  the  absence  of  the  species,  since  in  the  brief  time  then  avail¬ 
able  for  collecting  it  was  impossible  to  make  an  exhaustive  search 
for  the  insect  and  there  was  always  the  chance  of  going  to  a  certain 
bed  at  a  time  when  very  few  or  no  flies  were  abroad.  Similar  col¬ 
lecting  in  July  1926  resulted  in  taking  flies  at  Garden  City  and  West- 
bury,  L.  I.  In  none  of  these  cases  were  the  flies  definitely  associated 
with  material  injury  to  iris. 

These  preliminary  investigations  were  undertaken  in  response  to 
an  inquiry  from  Washington  authorities  as  to  the  distribution  of 
the  insect  and  its  ability  to  sustain  itself  in  this  State,  the  data  being 
preliminary  to  a  consideration  of  the  advisability  of  imposing  quaran¬ 
tine  regulations  to  prevent  the  importation  of  bulbs  infested  by  this 
and  other  injurious  species. 

Heliothrips  haemorrhoidalis  Bouche.  Many  speci¬ 
mens  of  this  interesting  form  were  received  from  R.  E.  Horsey, 
Rochester,  under  date  of  July  24,  1922.  He  referred  to  them  as 
curious,  reddish  insects  on  fungi,  occurring  on  the  European  bird 
cherry,  Prunus  padus. 

A  specimen  of  the  bark  affected  by  a  fungus,  Polyporus  sp., 
was  literally  swarming  with  the  thrips  in  all  stages  of  development 
from  minute,  reddish  young  to  fully  developed,  nearly  black  adults. 
They  were  swarming  in  cavities  of  the  fungus,  possibly  feeding  there¬ 
upon,  and  apparently  were  developing  in  large  numbers.  A  few 
nearly  full-grown  individuals  occurred  upon  adjacent  bark. 
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Roaches  in  city  dumps.  During  the  summer  of  1924  one  of  the 
Hudson  Valley  cities  was  compelled  to  wage  an  offensive  campaign 
against  millions  of  small  croton  bugs  or  water  bugs,  E  c  t  o  b  i  a 
germanica  Linn.,  which  had  established  themselves  in  a  city 
dump  and  reproduced  so  freely  as  to  prove  a  veritable  pest  to  nearby 
residents.  The  large  cockroach,  Periplaneta  orientalis 
Linn.,  as  well  as  the  smaller  croton  bug,  is  capable  of  living  under 
such  conditions  and  occasionally  becomes  a  serious  nuisance.  Both 
the  croton  bugs  and  cockroaches  feed  upon  a  great  variety  of  vege¬ 
table  and  animal  substances,  such  as  the  refuse  scraps  from  the  sink, 
the  food  on  the  pantry  shelves,  prepared  cereals,  woolens,  the  leather 
of  stuffed  furniture  or  books,  the  sizing  or  paste  of  cloth-bound  books 
and  similar  materials.  It  is  easy  to  realize  that  certain  portions  of 
city  dumps  might  afford  very  congenial  conditions  to  these  insects. 

A  little  care  in  sorting  out  materials  likely  to  be  attractive  to  roaches 
would  go  far  toward  reducing  the  probabilities  of  a  serious  infestation. 
A  limited  amount  of  food  would  not  necessarily  mean  an  outbreak 
of  the  insects,  although  unlimited  quantities  might  easily  produce 
such  results.  It  is  probable  that  in  most  cases  prevention  of  the 
general  character  outlined  above  would  be  cheaper  than  direct  con¬ 
trol  measures,  although  the  latter  are  possible,  the  precise  method 
depending  to  a  considerable  extent  upon  the  size  and  character  of 
the  dump.  If  the  deposit  is  not  too  deep,  it  may  be  possible  and  more 
economical  to  pull  it  over  and  scorch  and  kill  everything  living  by 
the  use  of  a  giant  flame  torch.  The  latter  can  be  improvised  from 
the  ordinary  extension  nozzle  of  the  orchardist,  which  is  little  more 
than  a  slender  iron  pipe  eight  to  ten  feet  long,  with  an  atomizing 
nozzle,  familiar  to  all  sprayers,  at  the  extremity.  A  pump,  hose 
connection  and  a  supply  of  any  crude  oil  is  all  that  is  necessary. 
Simply  start  the  pump  going  and  when  the  spray  issues  from  the 
nozzle  project  it  on  to  a  flaming  piece  of  paper  and  instantly  there 
is  a  very  effective  blow  torch  capable  of  driving  a  flame  three  to  five 
feet,  much  depending  on  the  size  of  the  nozzle  and  the  pressure. 

Steaming  the  pile  where  possible  would  also  be  very  effective.  It 
would  be  necessary  to  cover  it  with  canvas  or  some  such  protective 
material,  in  order  to  insure  the  requisite  penetration. 

It  is  probable  that  conditions  such  as  the  above  can  be  handled 
more  satisfactorily  and  economically  by  the  use  of  a  new  insecticide 
known  as  calcium  cyanide.  It  is  only  necessary  to  distribute  the 
material  rather  freely  over  the  dump  and  many  of  the  cockroaches 
will  succumb  from  the  poisonous  gas  which  is  slowly  liberated.  The 
treatment  can  be  made  more  effective  by  making  bar  or  other  holes 
in  the  debris  and  dropping  the  cyanide  well  toward  the  lower  limits 
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of  the  layer.  A  thorough  treatment  throughout  the  accumulation 
should  result  in  the  destruction  of  all  the  insects. 

European  earwig,  Forficula  auricularia  Linn.  The 
occurrence  of  this  insect  in  New  York  State  was  first  brought  to 
notice  in  August  1917  and  at  the  request  of  Federal  authorities  an 
examination  of  the  locality  at  East  Aurora  was  made  in  July  1925. 
This  newly  introduced  insect  appears  to  be  thriving  in  that  locality 
and  in  the  opinion  of  one  resident  is  generally  distributed.  An 
observant  greenhouse  man  stated,  however,  that  he  had  never  seen 
any  although  he  is  within  a  thousand  feet  of  the  premises  which  were 
originally  infested.  The  insects  are  certainly  numerous  in  some 
places  since  a  hundred  or  so  were  observed  under  the  loose  bark  of 
an  elm  log  on  premises  at  the  corner  of  Maine  and  Center  streets. 
The  earwigs  do  not  seem  to  be  particularly  troublesome  aside  from 
the  annoyance  caused  by  their  invading  the  house.  They  are  also 
very  apt  to  alight  upon  drying  clothes  and  are  frequently  carried 
indoors  with  the  laundry. 
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34  Enlargement  of  one  of  several  small  larvae  of  Wohlfartia  vigil  Walk, 
removed  from  the  human  eye,  xi6o. 


Fig.  35  Work  of  European  hornet,  Vespa  crabro  Linn.,  in  lilac;  to  the  left,  recent  work; 
to  the  right,  older  work  showing  exposed  dead  wood  and  scarring  of  the  wood  surface. 
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Fig.  36  Work  of  pales  weevil,  Hylobius  pales  Boh.,  in  Scotch  pine;  to  the  left  a  base  of  a  tree  some  4  inches  in 
diameter  dying  in  midsummer,  note  the  completely  girdled  condition  just  below  the  surface  of  the  soil.  To  the  right,  the 
base  of  a  tree  showing  little  evidence  of  injury  above  ground,  note  the  pitch  masses  and  borings  at  the  very  base  of  the 


Fig.  37  Portion  of  a  lawn  showing  the  numerous  entrances  to  tunnels  exca¬ 
vated  by  a  solitary  bee,  A  n  d  r  e  n  a  regular  is  Malloch.,  the  piles  of  soil 
about  the  galleries  are  i  ^  inches  or  2  inches  in  diameter. 


Fig.  38  A  view  of  a  lawn  infested  by  a  solitary  bee,  Andrena  regularis  Malloch.,  more  enlarged,  the  view  to 
the  right,  moderately  enlarged,  that  to  the  left  more  so,  showing  one  pile  of  earth  with  two  entrance  holes. 
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The  bees,  wasps  and  their  allies,  or  the  Hymenoptera,  include  a 
large  number  of  important,  though  not  well  known  species  since  they 
have  not  been  favorites  with  many  collectors.  There  are  large  series, 
for  example,  of  parasites,  some  of  them  developing  within  the  limits 
of  microscopic  insect  eggs,  while  long  series  attack  various  destructive 
leaf-feeding  caterpillars,  such  as  the  apple  tent  caterpillar  and  the 
gipsy  moth  caterpillar,  to  mention  only  a  few  injurious  species.  The 
situation  is  further  complicated  by  numerous  hyperparasites  which 
prey  upon  the  beneficial  species  and  are  therefore  more  or  less  injurious 
in  an  indirect  way.  The  relation  of  parasites  to  injurious  species 
and  the  part  hyperparasites,  parasites  of  parasites,  play  in  the 
control  of  injurious  species  are  relatively  new  phases  of  entomology 
with  important  economic  applications.  The  biological  relations 
among  these  insects  are  very  complex  and  there  is  much  to  be  learned 
along  these  lines. 

There  are  in  addition  large  series  of  bees  and  wasps.  They  are 
also  of  great  economic  importance  because  they  pollinate  flowers 
and  thus  make  possible  large  crops  of  valuable  fruits.  This  essential 
service  of  insects  is  all  too  frequently  taken  for  granted.  The  honey¬ 
bee  is  one  of  the  better  known  members  of  this  order. 

Excepting  the  sawflies,  Tenthredinoidea,  the  ants,  Formicoidea, 
the  smaller  parasites,  the  Chalcidoidea,  and  Serphoidea,  I  have  in 
the  course  of  preparing  this  report  generically  verified  or  determined 
all  the  members  of  the  Hymenoptera.  To  be  more  explicit,  I  have 
up  to  the  present  in  the  preparation  of  this  report  examined  some 
six  to  ten  thousand  specimens,  many  of  which  are  now  determined 
to  the  species  in  harmony  with  the  views  of  the  best  authorities. 

In  the  large  group  of  parasitic  forms  known  as  the  Braconidae, 
I  have  recognized  what  appear  to  be  new  genera  and  in  the  even 
larger  series  of  parasitic  forms,  the  Ichneumonoidea  as  a  whole,  I 
have  noticed  some  species  new  to  science  but  the  positive  status 
of  the  apparent  novelties  awaits  further  investigation. 

[i77l 


i78 


NEW  YORK  STATE  MUSEUM 


In  order  to  complete  the  determination  of  the  Hymenoptera  in 
the  New  York  State  Museum  collections  as  well  as  it  can  be  done 
at  the  present  time,  it  will  be  necessary  to  send  some  of  the  material 
to  specialists  at  a  distance  and  to  compare  some  of  the  specimens 
with  types  in  the  large  collections  of  the  Hymenoptera  in  Philadelphia 
and  Washington. 

I  have  found  the  collection  strongest  in  the  bees  or  Apoidea  wherein 
there  are  many  species  determined  by  that  most  reliable  scientist, 
Charles  Robertson.  In  the  other  superfamilies  there  is  a  good 
nucleus  toward  a  more  perfect  reference  collection  and  I  would  suggest 
that  special  efforts  be  made  toward  augmenting  the  collection  of 
injurious  and  beneficial  Hymenoptera.  This  recommendation  applies 
particularly  to  the  sawflies  or  Tenthredinoidea  of  MacGillivray  or 
the  Chalastogastra  of  Konow,  the  Ichneumon-flies,  l'chneumonoidea, 
the  gall  wasps,  Cynipoidea,  the  Serphoidea  and  the  wasps,  Vespoidea, 
the  last  four  superfamilies  sensu  Ashmead,  the  Serphoidea  being 
the  latest  name  for  the  large  series  of  minute  parasites  better  known 
as  Proctotrypoidea.  (E.  P.  F.  and  H.  L.  V.) 

The  detailed  records  in  regard  to  determinations  are  given  below: 

Tenthredinidae 

Neodiprion  sp.,  Buffalo,  July. 

Vipionidae 

Opius  sp.,  Thacher  Park,  May  27, 1923;  Adirondack  Lodge,  July  1,  1923;  Albany, 
June  12,  1887;  September  18,  1917 

Apanteles  congregatus  Say,  Conquest,  July  21,  1894;  Patria,  July  20,  1899; 
Cranberry  Lake,  September  14,  1901;  Ithaca,  August  2,  1892 
Reared  from  a  number  of  hosts.  This  is  one  of  the  commonest  parasites  of 
tomato  worms  and  allied  sphingid  caterpillars,  the  numerous  egglike 
cocoons  forming  clusters  on  the  bodies  of  its  victims. 

Apanteles  glomeratus  Linn.,  Niskayuna,  N.  Y.  October  10,  1885 

A  parasite  of  many  caterpillars,  including  the  common  cabbage  worm. 
Apanteles  tischeriae  Vier.,  Albany,  July  1,  1888 
Apanteles  trachynotus  Vier.,  Wells,  July  26,  1923 

Apanteles  fumiferanae  Vier.,  Ogunquit,  Me.,  June  30,  1914;  Orono,  Me.,  June 
29,  1914 

Reared  from  a  leaf  roller,  Archips  fumiferana  Clem. 

Apanteles  cacoeciae  Riley,  Albany,  April  12,  1912 

Reared  from  a  lepidopteron,  probably  Eucosma  scudderiana  Clem. 

A.  euchaetis?  Ashm. 

A.  crambi?  Weed,  Albany,  June  11,  1899 
Apanteles  sp.,  Albany,  June  13,  1903 

Apanteles  sp.,  Wells,  July;  Black  Mountain,  September;  Juanita  Island,  Sep¬ 
tember 

Apanteles  sp.,  Pnughkeepsie,  July;  Albany,  May 
Apanteles  sp.,  Albany,  July;  Kenwood,  July 
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Apanteles  sp.,  Albany,  July  11,  1899,  June  27,  1903;  New  Russia,  June  8,  1900; 
Kamer,  May  14,  1906;  June  4,  13,  1901;  Denmark,  May  24,  1900;  Newport, 
June  23,  1916;  Wells,  July  12,  1923 
Mirax  aspidiscae  ?  Ashm.,  Fishkill,  May  4,  1910 
Microgaster  brevicauda  Prov.  ?  Speculator,  August  2,  1909 
Microgaster  sp.,  Albany,  June  18,  21,  26,  1899;  June  13,  1903;  May  8,  1916; 
Ithaca,  July  12,  26,  1892;  Wells,  July  12,  23,  1923;  Clyde,  July  24,  1923; 
Delmar,  May  15,  1906;  Ilion,  May  17,  1902;  Kamer,  May  21,  1902; 
Newport,  May  20,  1902;  Trenton  Falls,  June  21,  1916 
Important  parasites  of  a  number  of  injurious  insects 
Microplitis  mamestrae  Weed,  Albany,  August  4,  1899 

Parasite  of  the  zebra  caterpillar,  Mamestra  picta  Harris 
Microplitis  sp.,  Albany,  June 

Microplitis  sp.,  Nassau,  June  4,  1904;  Wells,  July  1923;  Adirondack  Lodge,  July  1, 
1923;  Keene,  June  28,  1923;  Dug  Mountain,  August  8,  1912;  Albany,  June 

27,  1903 

Microbracon  sp.,  Hudson  Falls,  June  29,  July  1,  1914,  Reared  from  Dryopteris 
thelypteris  infested  by  Phlyctaenia  terrealis  Hbn.;  Menands,  July  10,  1899; 
Kenwood,  May  30,  1903;  Kamer,  May  14,  1906;  Albany,  May  24,  1906,  July 
9,  1908,  June  27,  1903,  April  27,  1907,  June  13,  1903,  September  7,  1908; 
Johnstown,  August  8,  1907;  Wells,  July  18,  29,  1914,  July  19,  24,  25,  26,  1923; 
Kamer,  April  25, 1902,  June  18, 1917;  Speculator,  August  5, 1912;  Poughkeepsie, 
June  2,  1923;  Clayville,  June  8,  1921;  Rochester,  1915;  Hoversville,  June  20, 

1923 

Microbracon  sesiae  Museb.  ?  Albany,  June  n,  1912 
Microbracon  sp.,  Kamer,  July  4,  1918;  Albany,  June  27,  1903 
Microbracon  sp.,  Juanita  Island,  September 
Microbracon  sp.,  Broadalbin,  June 

Iphiaulax  sp.,  Wilmington,  August  11,  21,  1888;  Keene  Valley,  August  10,  1889; 

Menands,  May  7,  1896;  Hudson  Falls,  April  21,  1915;  Speculator,  July  17,  1909 
Coeloides  ulmicola  Vier.,  Lawrence,  Kans.,  May;  Douglas  County,  Kans.  May  9 
Coeloides  sp.,  Wilmington,  August  17,  1888;  Austerlitz,  June  8,  1925;  Pough¬ 
keepsie,  June  17,  1903;  Boulder,  Colo.,  August  25,  1901;  Douglas  County, 
Kans.,  May  22;  Wells,  July  31,  1914;  Kamer,  June  4,  1902;  Mount  Vernon, 
July  10,  1912;  Glenmont,  June  14,  1923;  Wilmington,  August  15,  17,  1888; 
Piseco  Lake,  August  30,  1888;  Newport,  June  30,  1905;  Poughkeepsie,  July  14, 
May  20,  July  17,  1903;  Saranac  Inn,  August  17,  1903;  Storrs,  Conn.,  July  27, 
1923;  McIntyre  summit,  July  1,  1923;  Big  Moose,  July  6  to  August  13,  1903; 
Albany,  May  18,  1925,  May  7,  13,  1924,  June  7,  1914 

Alysiidae 

Aphaereta  dolosa  Vier.,  Lawrence,  Kans.,  July 

Aphaereta  muscae  Ashm.,  Wells,  July  29,  1914,  July  12-26,  1923 

Aphaereta  sp.,  Albany,  July 

Cerobracon  sp.,  Scarsdale,  April  19,  22,  1913,  Reared  from  hemlock  infested  by 
the  hemlock  borer,  Melanophila  fulvoguttata  Harris;  New  York,  April  22, 
1913;  Big  Moose,  July  6,  1903 

Monogonogastra  augustus  Vier.,  ?  Albany,  June  4,  1908;  Poughkeepsie,  May  22, 

1903 

Monogonogastra  sp.,  Karner,  May  23,  1912;  Elm  Lake,  August  7,  1912 
Coeloidina  sp.,  Clinton  Heights,  October  15,  1906 
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Banchidae 

Banchus  spp.,  Ithaca,  June;  Broadalbin,  June;  Lawson’s  Lake,  June;  Pough¬ 
keepsie,  May;  Karner,  June 
Banchus  sp.,  Karner,  June 

Banchus  spp.,  Karner,  June;  Speculator,  August;  Remsen,  June 
Banchus  spp.,  Poughkeepsie,  May;  Saranac  Inn,  June;  Old  Forge,  July 

Braconidae 

Schizoprymnus  sp.,  Albany,  June  13,  1903;  Jamaica  Plain,  Mass.,  May  13,  1911 
Reared  from  a  sawfly  larva  on  solidago 
Homolobus  sp.,  Saranac  Inn,  July  21,  1900 

Amicroplus  sp.,  Nassau,  May  19,  25,  30,  31,  June  1,  1906;  Wells,  July  25,  1923, 
July  29,  1914 

Clinocentrus  sp.,  West  Winfield,  June  7,  1921 
Symphya  sp.,  Albany,  May  24,  1906 

Doryctes  sp.,  Albany,  May  18,  1922,  May  12,  14,  20,  23,  25,  27,  1903;  July  21, 
1903 

Xenarcha  sp.,  Aweme,  Man.,  May  16,  1907 
New  Genus  ?  near  Brachistes,  Albany,  July  7,  1903 
Macrocentrus  solidaginis  Cress.,  Nassau,  July  1,  1905,  June  16,  1905 
Reared  from  a  goldenrod  gall 
Macrocentrus  sp.,  Wells,  July 
Macrocentrus  sp.,  Rochester,  June 

Macrocentrus  sp.,  Albany,  June  13,  1912;  Niverville,  May  19,  1911,  Reared  from 
apple  leaves  folded  by  Ancylus  nubeculana  Clemens;  Nassau,  June  i,  1906; 
Poughkeepsie,  June  22,  1903;  Albany,  June  4,  1906 
Ichneutidea  secunda  Roh.,  Pompton,  N.  J.,  August  14,  1923 
Eubadizon  sp.,  Albany,  July  29,  1912 

Reared  from  Phyllonoryter  hamadryella  Clem. 

Eubadizon  sp.,  Corinth,  June 

New  genus  ?  near  Doryctes,  South  Hadley,  Mass.,  May  17,  1925 
Meteorus  sp.,  Albany,  May 

Meteorus  sp.,  Kenwood,  May  30,  1923;  Ithaca,  June  28,  1892;  Albany,  July 
20,  1888 

Meteorus  sp.,  Saranac  Inn,  July  21,  1905;  Albany,  June  24,  1912;  July  27,  1888; 

Northampton,  June  25,  1914 
Meteorus  sp.,  Ballston,  July 
Meteorus  sp.,  Speculator,  June 
Meteorus  sp.,  Hamden,  June 

Dinocampus  americanus  Riley,  Scotia,  August  7,  1910 
Orgilus  sp.,  Elm  Lake,  August  7,  1912 

Orgilus  sp.,  Albany,  May  21,  1906;  Forest  Hills,  Mass.,  May  8,  1911;  Wells, 
July  23,  1923 

Bassus  sp.,  Karner,  May  20, 1903;  Central  Nassau,  July  1,  1920;  Fort  Lee,  N.  J., 
1907;  Albany,  June  27,  1903 
Bassus  sp.,  Westbury,  L,  I.,  July 
Bracon  sp.,  Fort  Collins,  Colo.,  1901 
Agathis  sp.,  Saranac  Inn,  July  22,  1905 
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Agathis  sp.,  Keene  Valley,  August  7,  1886;  Karaer,  August  31,  1904;  Speculator, 
August  5,  1912 

Cerobracon  sp.,  Poughkeepsie,  May  12,  1910 
Spathius  sp.,  Speculator,  June 

Ascogaster  carpocapsae  Vier.,  Albany,  June  7,  1909,  May  3,  1910;  Wilmington 
June  3,  1925;  Rochester,  June  8,  15,  18,  22,  1925;  Windham  High  Park, 
June  1 7>  1923;  Troy,  June  1912;  Clayville,  June  8,  1921;  Schenectady, 
June  11,  1923 

A  parasite  of  the  apple  worm  or  codling  moth,  Carpocapsa  pomonella  Linn. 
Chelonella  sp.,  La  Jolla,  Calif.,  June  10,  1914;  Keene  Valley,  August  4,  1924; 

Albany,  June  27,  1903;  Saranac  Inn,  July  22,  1905 
Sigalphus  bicolor  Cress.,  Albany,  May  10,  19,  1891 
Epirhyssalus  sp.,  Albany,  May  10,  1907 

Reared  from  willow  cabbage  gall,  Rhabdophaga  brassicoides  Walsh. 
Aleiodes  spp.,  Lake  Louise,  B.C.,  July  19,  1916;  Albany,  July  11,  1899;  Voorhees- 
ville,  June  19,  1923;  Poughkeepsie,  June  5,  1903;  Wells,  July  31,  1914 
Aleiodes  sp.,  Hope,  August  29,  1900;  Wells,  July  19,  1923 

Aleoides  canadensis  Cress.,  Dug  Mountain,  August  8,  1912;  Wells,  August  7, 
1918 

Hormius  sp.,  July  25,  1923 

Heterospilus  spp.,  New  York,  May  18,  1912;  Mud  Hollow  Pond,  June  20,  1923; 

Albany,  June  5,  1902;  Nassau,  May  19,  1906;  Wells,  July  26,  1923. 
Heterospilus  sp..  Geneseo,  April  12,  1902;  Roslyn,  July  17,  1913 
Heterospilus  sp.,  Geneseo,  April 
Heterospilus  sp.,  New  York,  May  2,  1912 

Reared  from  hickory  log  infested  with  the  hickory  bark  beetle,  Scolytus 
quadrispinosus  Say. 

Polystenidea,  sp.  Wells,  June  26,  1923 

Colastes  sp.,  Belden  Hill,  May  19,  1923 

Colastes  sp.,  Wells,  July  24,  1923 

Cenostomus  ?  sp.,  Newport,  June  23,  1916 

Phanerotoma  sp.,  Wells,  July  26,  1923,  August  3,  1912 

Ichneutes  sp.,  Nassau,  May  6,  1902 

Pygostolus  ?  sp.,  Albany,  October  22,  1900 

Earinus  limitaris  Say,  Albany,  April  29,  1906,  May  14,  1909,  April  3,  1910, 
April  16,  1916;  Karner,  April  15,  1902,  April  14,  1905;  Nassau,  April  28,  1903; 
Delmar,  April  30,  1906;  Interlaken,  April  18,  1918 
Helconidea  dentipes  Brulle,  Albany,  May  20,  21,  23,  25,  27,  28,  29,  1903 
Helconidea  ligator  Say,  Greenwich,  Conn.,  March  22,  27,  1915;  April  2,  5,  1915 
Reared  from  hickory  infested  by  Magdalis  olyra  Herbst  and  Neoclytus 
erythrocephalus  Fabr. 

Leiophron  sp.,  Chapel  Pond,  June  28,  1923 

Diatmetus  ?  sp.,  Wells,  July  23,  1913;  Clayville,  June  8,  1921;  Meadowdale, 
October  23,  1907 
Amicroplus  ?  sp.,  Nassau,  May 
Blacus  ?  sp.,  Wells,  July  24,  1923 

Vanhorniidae 

Vanhornia  eucnemidarum  Cwfd.,  Wells,  July  28,  1914 
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Evaniidae 

Foenus  tarsitorius  Say,  Canandaigua  Lake,  July  26,  1894;  Lake  Pleasant,  July 
20,  1887;  Lake  Placid,  August  7,  1888;  Keene  Valley,  June  26,  1895,  June  29, 
1896,  August  9,  1893;  Long  Lake,  August  12,  1885;  Wells,  July  29,  1913; 
Nassau,  June  14,  1906;  Speculator,  August  1908;  Poughkeepsie,  August  3, 
I9°3>  June  8,  1908;  Newport,  July  3,  1905,  July  17,  1907,  June  30,  1905;  Ithaca, 
June  28,  1892;  Albany,  June  18,  1906 

Foenus  incertus  Cress.,  Long  Lake,  August  8,  1885;  Old  Forge,  June  15,  1905, 
June  17,  1905;  Canandaigua  Lake,  July  23,  1894 
Odontaulacus  bilobatus  Prov.,  Scarsdale,  March  14,  1912,  March  26,  1913; 
Broadalbin,  June  29,  1915;  Albany,  April  25,  1913;  New  York,  May  12,  1913, 
April  22,  1913  (A2375);  Lake  Clear,  July  9,  1903 
Odontaulacus  abdominalis  Cress.,  Kamer,  June  13,  1901;  Keene  Valley,  July 
14,  1892;  Big  Moose,  July  3, 1903 
Pristaulacus  flavicrurus  Brad.,  Keene  Valley,  July  1891 
Pristaulacus  niger,  Lake  Pleasant,  July  20,  1887 

Evania  punctata  Br.,  Albany,  July  3,  1913,  July  26,  1922,  July  3,  1916,  June  14, 
1920,  June  25,  1913,  June  13,  1908,  August  6,  1908,  July  7,  1923,  November 
17,  1925,  July  17,  1903 

Evania  urbana  Brad.,  Washington,  D.  C.,  August  9,  1917 
Pammegischia  burquei  Prov.,  Keene  Valley,  July  24,  1890 

Capitoniidae 

Capitonius  sp.,  Mount  Vernon,  July  10,  1912;  Byron,  June  28,  1912;  Albany, 
May  7,  1902,  June  10,  1903 
Capitonius  sp.,  Roslyn,  July  17,  1913 
Zavipio  sp.,  Kamer,  August  31,  1904 

Ichneumonidae 

Aphidius  sp.,  River  Head,  L.  I.,  July  20,  1917 

Reared  from  potato  aphis,  Macrosiphum  solanifolii  Ashm. 

Aphidius  sp.,  Kamer,  April;  Albany,  May,  June,  August 

Cymodusa  sp.,  Newport,  June 

Cymodusa  sp.,  Poughkeepsie,  May 

Sagaritis  sp.,  Ithaca,  September,  Albany,  June 

Sagaritis  sp.,  Johnstown,  May;  Ithaca,  September 

Sagaritis  sp.,  Speculator,  August 

Sagaritis  sp.,  Central  Nassau,  July  6,  1920 

Sagaritis  sp.,  Ithaca  July  12,  14,  1892 

Campoplex  sp.,  Newport,  May 

Campoplex  sp.,  Orient,  November 

Campoplex  spp.,  Speculator,  June;  Rochester,  July;  Clinton  Heights,  July; 

Kamer,  May;  Albany,  July;  Ithaca,  July 
Campoplex  (Ischnoscopus)  sp.,  Albany,  July 

Campoplex  spp.,  Poughkeepsie,  June;  Speculator,  June;  Ithaca,  July,  September; 

Albany,  April,  June;  Southampton,  August 
Campoplex  (Ischnoscopus)  sp.,  Southampton,  August 
Campoplex  sp.,  Orient,  June 
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Campoplex  (Dioctes)  sp.,  Westchester  county,  October 
Campoplex  (Ischnoscopus)  sp.,  Albany,  July 

Campoplex  spp.,  Poughkeepsie,  July;  Kamer,  July;  Albany,  June;  Ithaca,  July 
Campoplex  sp.,  Speculator,  June;  Albany,  June;  Kingston,  August;  Wells,  July 
Campoplex  spp..  Poughkeepsie,  June;  Clinton  Heights,  June;  Keene  Valley,  July; 
Albany,  June 

Campoplex  (Ischnoscopus)  sp.,  Hamden,  June 
Campoplex  (Ecphora)  sp.,  Kamer,  October 
Campoplex  (Ecphora)  sp.,  Poughkeepsie,  August 
Campoplex  sp.,  Ithaca,  June 
Campoplex  sp.,  Slingerlands,  July 
Campoplex  (Ischnoscopus)  spp..  Hamden,  June 
Campoplex  (Eulimneria)  sp.,  Hamden,  June 

Campoplex  spp.,  Albany,  April,  July;  Orient,  May;  Karner,  October;  Ithaca, 

July 

Campoplex  sp.,  Belle  Isle,  May 
Campoplex  sp.,  Ithaca,  July 
Campoplex  sp.,  Southampton,  July 

Reared  from  larvae  of  Schizura  concinna  Sm.  &  Abb. 

Campoplex  sp.,  Albany,  July 

Campoplex  (Ischnoscopus)  sp.,  Albany,  July 

Campoplex  spp.,  Lockport,  August;  Nassau,  May;  Newport,  August;  Albany, 
April,  June;  Ithaca,  July,  October;  Southampton,  August;  Poughkeepsie. 
May;  Binghamton,  June 
Campoplex  (Ecphora)  Ithaca,  September 
Campoplex  (Ecphora)  Albany,  July,  September 
Campoplex  (Ecphora)  Wells,  August 

Campoplex  (Angitia  or  Diadegma)  sp.,  Kamer  June  11,  1912 
Reared  from  egg  cluster  of  Polygonia  comma  ? 

Campoplex  (Ecphora)  sp.,  Johnstown,  May 
Campoplex  (Ameloctonus)  sp.,  Ausable  Lake,  July 
Campoplex  (Ischnoscopus)  sp.,  Hamden,  June 

Campoplegidea  sp.,  Haines  Falls,  August  17,  1917;  Ithaca,  July  12,  1892, 
August  2,  1892;  Keene  Valley,  July  27,  1890,  July  25,  1894,  August  15,  1899; 
Adirondack  Lodge,  July  13,  1923 
Campoplegidea  crassata  Vier.  Var.,  Albany,  June  7,  1912 
Campoplegidea  (Viereckiana)  sp.,  Poughkeepsie,  May 
Campoplegidea  sp.,  Keene  Valley,  July 
Campoplegidea  sp.,  Ithaca,  June  16,  1893 
Campoplegidea  argentius  Nort.  ?,  Ithaca,  June  16,  1893 

Campoplegidea  sp.,  Johnstown,  May  20,  1908;  Albany,  June  17,  1912;  Lake 
Placid,  June  27,  1911 

Viereckiana  vitticollis  Nort.,  Poughkeepsie,  June  1,  July  15, 1914,  August  3,  1903, 
June  16,  1904,  June  9,  1918;  Karner,  July  18,  1902;  Big  Moose,  August  13, 
1903.  July  7,  1903;  Keene  Valley,  July  16,  1890;  Jamaica,  L.  I.,  June  24,  1923 
Viereckiana  villosa  Nort.,  Poughkeepsie,  June  22,  1903;  May  2,  1904;  Albany, 
June  15,  1906;  August  22,  1907;  Wells,  July  8,  1923 
Viereckiana  sp.,  Ithaca,  August  1892,  July  12,  1892;  Brant  Lake;  Wells,  July  14, 
1923,  August  7,  1918;  Poughkeepsie,  May  2,  1904;  Corinth,  June  2,  1916 
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(Viereckiana  spp.),  Albany,  September  15,  1894,  June  13,  1913 
Idechthis  sp.,  Ithaca,  September 
Idechthis  sp.,  Poughkeepsie,  June 
Bathyplectes  sp.,  Corinth,  June 

Bathyplectes  spp.,  Clinton  Heights,  June;  Albany,  June;  Broadalbin,  June; 
Johnstown,  May 

Hyposoter  geometrae  Ashm.,  Hamden,  June  30,  1924 
Hypothereutes  sp.,  Albany,  June 
Eripternoides  sp.,  Speculator,  August 

Exetastes  suaveolens  Walsh,  Saranac  Inn,  July  22,  1905;  Speculator,  August  1908 
Seleucus  sp.,  Keene  Valley,  August 

Paracanidia  elyi  Vier.,  Wells,  August  8,  1918;  Poughkeepsie,  June  22,  1903 

Pristomerus  sp.,  Albany,  June 

Porizon  ?  sp.,  Karner,  April 

Porizon  ?  sp.,  Albany,  May 

Porisonidea  sp.,  ?  Karner,  April;  Albany,  April 

Orthopelma  sp.,  Long  Island,  January 

Orthopelma  sp.,  Boulder,  Colo.,  April 

Orthopelma  sp.,  Denver,  Colo.,  January 

Orthocentrus  sp.,  Summit  Mount  McIntyre,  July;  Wells,  July 
Orthocentrus  sp.,  Elizabethtown,  August;  Albany,  May 
Plectiscidea  sp.,  Chapel  Pond,  June;  Wells,  July 
Chelonella  sp.,  Williams,  Ariz.,  June 
Cremastus  sp.,  Wells,  July  26,  1923 
Cremastus  sp.,  Poughkeepsie,  June  9,  1900 

Cremastus  spp.,  Kingston,  August  23,  1904;  Johnstown,  August  27,  1907;  Pike, 
June  14,  1906;  Albany,  April  25,  1903 
Cremastus  sp.,  Karner,  June 
Cremastus  sp.,  Buffalo,  June 

Mesochorus  sp.,  Albany,  September;  Newport,  June;  Wells,  October;  Piseco 
Lake;  Gloversville,  August;  Karner,  June 
Mesochorus  sp.,  Wells,  May,  July,  August;  Valley  Falls,  May;  Albany,  June; 

Poughkeepsie,  May;  Corinth,  June 
Mesochorus  sp.,  Speculator,  July;  Wells,  July 
Mesochorus  sp.,  Hamden,  June 

Paniscus  sp.,  Albany,  September  17,  1904,  June  18,  1906;  Lake  Clear,  June  6, 
1906;  St  lie,  June  4,  1906;  Newport,  July  23,  August  8,  July  14,  1902;  Stamford, 
Conn.,  May  4,  1914 
Paniscus  sp.,  Wells,  July 

Paniscus  sp.,  Johnstown,  July  29,  1908;  Hague,  August  8,  1923 
Erigorgus  sp.,  Ithaca,  July  12,  1892;  Lake  Placid,  August  12,  1904,  August  2, 
1888;  South  Brittain,  Conn.,  1884;  Albany,  June  16,  1903,  June  22,  1923; 
Adirondack  Lodge,  July  1,  1923;  Lawson’s  Lake,  June  23,  1923;  Cabin  John, 
Md.,  April  29,  1916;  Murray  Bay,  Quebec,  July  or  August  1878;  Wells,  July 
25,  1918;  Old  Forge,  July  14,  1905;  Keene  Valley,  August  5,  1894 
Erigorgus  sp.,  Lyons  Falls,  July  3,  1899;  Pike,  May  13,  1901;  Nassau,  April  19, 
1906;  Speculator,  August  9,  1912;  Karner,  May  14,  1902;  Poughkeepsie,  June 
2,  1903;  Big  Moose,  July  3,  1903;  Albany,  June  13,  1913;  Karner,  April  13, 
1906;  Keene  Valley,  July  24,  1890,  July  30,  1890,  August  3,  1892;  Mount 
McIntyre  Summit,  July  1,  1923 
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Erigorgus  ambiguus  ?  Nort.,  Woodworth’s  Lake,  May  30,  1908;  Poughkeepsie, 

July  1 7,  1904 

Erigorgus  anale  Say,  Poughkeepsie,  May  20,  1903 

Erigorgus  exilis  Prov.  ?  Glens  Falls,  July  5,  1899;  Bath,  May  14,  1901;  Nassau, 
July  8,  1903 

Erigorgus  filiforme  Prov.  ?,  Big  Moose,  July  7,  1903;  Corinth,  June  23,1915 
Erigorgus  semirufus  Cress.  ?  Newport,  May  22,  26,  1902;  Ilion,  May  11,  1902 
Therion  sp.,  Albany,  August  23,  1909;  June  19,  1892;  Keene  Valley,  July  20, 
1892;  Coeymans,  July  4,  1898;  Essex  county,  August  6,  1891 ;  Ithaca,  July  12, 
1892,  June  29,  1892;  Albany,  August  31,  1922;  Naples,  July  23,  31,  1923 
Therion  sp.,  Kamer,  July  2,  1902;  Ithaca,  September  20,  1892;  Big  Moose,  July 
7,  1903;  Albany,  1899;  Saranac  Inn,  July  24,  1905;  Kinderhook,  September  3, 
1923;  Wells,  August  2,  1923,  July  29,  1913,  July  3,  1914;  Lake  Louise,  B.C., 
July  19,  1916;  Keene  Valley,  July  25,  1892 
Thyreodon  brullei  Vier.,  Karner,  August  29,  1902,  July  5,  1906;  Canandaigua 
Lake,  July  19,  25,  26,  1894;  Cabin  John,  Md.,  July  31,  1916;  Karner,  September 
1,  1923;  Newport,  August  3,  1902 
Thyreodon  costale  Cress.,  Colorado,  January  9,  1909,  April  8,  1909 
Eremotylus  macrurus  Linn.,  Gloversville,  1906;  Fishers  Island,  March  1914; 
North  Chatham,  June  7,  1912;  Albany,  September  23,  1898,  August  1912 
A  common  parasite  of  the  larger  silk  worms,  such  as  the  Cecropia  moth, 
Sarnia  cecropia  Linn. 

Ophion  bilineatum  Say,  Chazy  Lake,  June  28,  1913;  Albany,  May  17,  1906; 
Keene  Valley,  July  31,  1885 

One  of  the  commonest  species  of  this  genus.  It  has  been  reared  from  a 
number  of  caterpillars. 

Ophion  tityri  Pack.,  Albany,  May  15,  1914 

A  somewhat  common  species  which  has  been  reared  from  several  caterpillars. 
Ophion  sp.,  Albany,  June  16,  1903,  May  15,  1914,  May  29,  1914,  June  22,  1903, 
June  13,  16,  May  9,  July  15,  1903,  June  7,  12,  May  18,  1906;  Karner, 
May  8,  1902,  September  1,  1923,  April  25,  1903,  May  22,  23, 1912;  Crop- 
seyville,  June  21,  1899;  Ithaca,  June  2,  1893,  June  15,  April  25,  1913; 
Corinth,  June  23,  1915,  May  31,  1916;  Newport,  July  19, 1902;  Deer  River, 
May  23,  1900;  Nassau,  May  25,  1908,  May  24,  1906;  Poughkeepsie,  April 
19,  1906;  Niverville,  May  28,  1914;  Valley  Falls,  May  7,  1921;  Karner, 
May  21,  1902;  Albany,  May  23,  1906 
Common  and  valuable  parasites  of  a  number  of  injurious  insects. 

Rogas  canaliculatus  Prov.,  Karner,  October  4,  1902 

Eniscopilus  purgatus  Say,  Meadowdale,  August  2,  1904;  Canandaigua  Lake, 
July  19,  25,  1894;  Newport,  July  24,  1902,  August  18,  1904;  Wells,  July 
18,  1914;  Albany,  1899,  August  12,  1907;  Ithaca,  July  26,  1895,  July  29, 
1905;  Wilmington,  August  18,  1888;  Keene  Valley,  August  17,  1893; 
Poughkeepsie,  June  17,  1903;  Waldorf,  June  26,  1906 
A  parasite  of  the  army  worm,  Cirphis  unipuncta  Haw.,  and  a  number  of 
other  injurious  caterpillars. 

Opheltes  glaucopterus  Linn.,  Lake  Pleasant,  July  22,  1887;  Long  Lake,  August 
18,  1885;  Keene  Valley,  August  12,  1898;  Elizabethtown,  August  26,  1904 
Exetastes  sp.,  Kamer,  June 
Cidaphurus  sp.,  Kamer,  May 
Nothanomaloides  sp.,  Elm  Lake,  August 
Zaplaty stoma  sp.,  Poughkeepsie,  June 
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Eiphosoma  sp.,  Canandaigua  Lake,  July;  Poughkeepsie,  July 
Euceros  sp.,  Ithaca,  August 

Diplazon  sp.,  Albany,  May,  June;  Phoenicia,  August 
Diplazon  laetatorius  F.  ?,  Albany,  May  20,  1895 
Diplazon  sp.,  Poughkeepsie,  May  20,  1903;  Ilion,  May  31,  1902 
Diplazon  scutellaris  Cress.  ?.  Old  Forge,  July  13,  14,  1905 

Diplazon  sp.,  Nassau,  June;  Sodus  Point,  August;  Speculator,  June;  Albany, 
June;  Clinton  Heights,  June;  Old  Forge,  July 
Diplazon  sp.,  Kendall,  June;  Wells,  July;  Orient,  November;  Speculator,  June; 

Poughkeepsie,  May;  Pearl  Point,  August 
Diplazon  sp.,  Albany,  August 
Exochus  sp.,  Ithaca,  August 
Ephedrus  sp.,  Kamer,  April 

Helcostizus  sp.,  Albany,  May,  October;  Nassau,  May 
Phytodietus  sp.,  Karner,  May;  Old  Forge,  June 

Phytodietus  sp.,  Speculator,  August;  Poughkeepsie,  June;  Newport,  July 
Lissonota  sp.,  Albany,  August 

Lissonota  sp.,  Speculator,  August;  Lake  Pleasant,  July;  Kamer,  June 
Lissonota  sp.,  Keene  Valley,  July  21,  1895 

Lissonota  varia  Cress.  Ithaca,  September  2,  7,  19,  1892;  Saranac  Inn,  August 
8,  1900;  Elizabethtown,  August  26,  1903;  Long  Lake,  August  6,  1885;  Keene 
Valley,  August  4,  1886 

Lissonota  sp.,  Saranac  Inn.,  August;  Ithaca,  July;  Nassau,  April;  Wells,  July 
Lissonota  sp.,  Kamer,  September;  Storrs,  Conn.,  July 

Lissonota  americana  Cress.,  Long  Lake,  August  6,  15,  1885;  Keene  Valley, 
August  5,  1894,  August  8,  1892,  August  6,  1886;  Ithaca,  September  20,  1892; 
Speculator,  August  9,  1912 
Lissonota  pluralis  Cress.  ?,  Ithaca,  July  26,  1892 

Lissonota  parva  Cress.,  Orient  Point,  April  8,  1910;  Ithaca,  September  19,  1892 
Poemenia  albipes  Cress.,  Ithaca,  July  19,  1892 
Itamoplex  sp.,  Newport,  July  17,  1907 
Glypta  sp.,  Albany,  February;  Nassau,  April 
Reared  from  Lepidopterus  gall  on  solidago 
Polysphincta  slossonae  Davis,  Chapel  Pond,  June  28,  1923 
Polysphincta  sp.,  Albany,  October 

Scambus  inquisitoriellus  Say,  Glens  Falls,  June  30,  1899;  Albany,  August  10, 
1899,  July  20,  1899,  July  23,  1886;  Kamer,  June  27,  1903;  Poughkeepsie, 
May  20,  1903;  Ithaca,  July  19,  1892;  Keene  Valley,  July  16,  1891;  Nassau, 
May  16,  1903;  Voorheesville,  June  20,  1923;  Wells,  July  29,  i923;Water- 
vliet  Reservoir,  August  2,  1923;  Ulster  Park,  June  17,  1922,  July  10, 
1892,  July  19,  1889,  July  23,  1886;  Ithaca,  July  19,  1892 
An  important  parasite  of  the  apple  tent  caterpillar  and  the  white  marked 
tussock  moth  caterpillar.  Recorded  from  a  number  of  hosts. 

Ephialtes  aequalis  Prov.,  Ithaca,  June  28,  1892;  Albany,  May  28,  1888;  Trenton 
Falls,  June  20,  1916;  Poughkeepsie,  June  5,  1903 
Ephialtes  pedalis  Cress.,  Glens  Falls,  June  30,  1899,  July  3,  1899;  Poughkeepsie, 
May  2,  1904;  Newport,  July  3,  1905;  Menands,  July  10,  1899;  Piseco 
Lake,  August  31,  1888;  Keene  Valley,  August  4,  1893;  Mount  McIntyre, 
June  30,  1923;  Wells,  July  25,  1918;  Windham  High  Park,  June  17,  1923; 
Magnolia,  Mass.,  April  4,  1908 
Parasite  of  several  destructive  leaf  eaters. 
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Ephialtes  sp.,  Speculator,  June;  Wells,  July;  Saranac  Inn,  July:  Ithaca,  July; 
Albany,  May,  June,  July,  August,  September;  Windham  High  Park,  June; 
Clayville,  June;  Canton,  Mass.,  April;  Corinth,  June;  Thatcher  Park,  May; 
Nassau  Lake,  September;  Johnstown,  May;  Lake  Pleasant,  July 
Ephialtes  sp.,  Keene  Valley,  July 

Ephialtes  sp.,  Buffalo,  July;  Squirrel  Island,  July;  Spencerport,  February 
Ephialtes  sp.,  Johnstown,  August  20,  1907;  Lake  Placid,  August  12,  1904 
Ephialtes  tenuicomis  Cress.,  Newport,  May  22,  1902,  June  30,  1905;  Albany, 
June  9,  13,  27,  1903,  September  14,  1917;  Ithaca,  July  12,  1892;  Speculator, 
August  2,  3,  1909;  Long  Lake,  August  14,  1885 
Itoplectis  conquisitor  Say,  Bainbridge,  July  2,  1923;  New  Russia,  July  8,  1915; 
Buffalo,  July  8,  1915;  York,  Pa.,  September  9,  1916;  Albany,  July  19, 

1886,  June  9,  1903,  September  19,  1907,  July  15,  1888,  June  25,  1909; 
Newport,  July  8,  1905;  Nassau,  May  6,  1902;  Menands,  July  10,  1899, 
Clinton  Heights,  June  17,  1903;  Lyons  Falls,  July  3,  1899;  Slingerlands, 
June  7,  1900;  Poughkeepsie,  June  8,  1908;  Glens  Falls,  July  5,  1899; 
Delmar,  June  18,  1900;  Slingerlands,  June  7,  10,  19,  July  20,  1900;  Albany, 
July  1893,  September  16,  1902,  July  12,  1899,  July  23,  1886,  July  13, 

1887,  July  1892,  June  7,  1900,  July  13,  1889,  August  10,  1899;  Lyons 
Falls,  July  3,  1899;  Glens  Falls,  June  30,  1900;  Ausable  Chasm,  July 
14,  1912;  Keene  Valley,  July  31,  1890,  August  4,  1890,  July  30,  1890; 
Chazy  Lake,  June  28,  1913;  Laurens,  July  17,  1920;  Rochester,  June  17, 
1925 

A  common  parasite  of  several  destructive  leaf-eating  caterpillars. 

Iseropus  coelebs  Walsh,  Albany  1884;  Speculator,  August  5,  1912 
Calliephialtes  sp.,  June  10,  1903 

Reared  from  ash  log  infested  by  Obrium  rubidum  Lee. 

Calliephialtes  sp.,  Canton,  Mass.,  April 

Reared  from  galls  of  Sackenomyia  packardi  Felt. 

Xorides  sp.,  Kamer,  April;  Albany,  May 

Epiurus  sp.  ?,  Kenwood,  July;  Newport,  May 

Epiurus  nigrifrons  Vier.,  Albany,  August  8,  1888,  June,  July,  1893 

Epiurus  pterophori  Ashm.,  Poughkeepsie,  May  21,  1903 

Epiurus  alborictus  Cress.,  Albany,  June  27,  1903 

Epiurus  indigator  Cress.,  June  5,  1894 

Theronia  fulvescens  Cress.,  Glens  Falls,  June  30,  1899;  Delmar,  June  18,  1900; 
Pike,  June  22,  1901;  Albany,  July  21,  1899;  September  28,  1899;  Tacoma, 
Wash.,  August  4,  1911 
Hyperparasitic  on  several  lepidopterous  larvae 
Theronia  melanocephala  Brulle,  Albany,  September  19,  1916;  Wells,  July  20, 
1912;  Poughkeepsie,  August  3,  1903;  Ithaca,  June  24,  1893 
Parasite  of  several  lepidopterous  larvae  and  possibly  of  Ephialtes  pedalis 
Cress. 

Ichneumon  sp.,  Albany,  June 

Ichneumon  irritator  F.,  Albany,  June  1897,  May  6,  1903,  May  15,  1903;  Ithaca, 
May  3,  1913,  May  2,  1913,  July  24,  1895;  Newport,  June  20,  1895 
Ichneumon  sp.,  Ithaca,  July  7,  19,  September  2;  Albany,  September  16 
Perithous  pleuralis  Cress.,  Storrs,  Conn.,  July  27,  1923;  Ithaca,  July  7,  1892, 
July  19,  1892,  August  15,  1892,  June  28,  1893;  Albany,  September  10,  1891 
Arenetra  nigrita  Walsh,  Nassau,  May  6,  1902 
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Labena  apicalis  Cress.,  Ithaca,  June  21,  1893;  Ossining,  March  21,  1914;  Albany, 
1894 

Labena  grallator  Say,  Ithaca,  July  12,  1892;  Clear  Water,  Fla.,  January  1922 
Megarhyssa  (Thalessa)  lunator  Fabr.,  Fort  Plain,  June  14,  1894;  Albany,  June  4, 
1896,  June  17,  1900,  September  16,  1891,  June  25,  1901,  June  10,  1903, 
July  30,  1913,  May  18,  1903,  May  14,  1903,  May  15,  1903,  June  1,  1894, 
July  17,  1900,  June  4,  1923,  June  14,  1923,  September  7,  1891,  May  31, 
1902,  June  1,  1894;  Keene  Valley,  August  20,  1889;  Pike,  July  4,  1901; 
Hope,  August  29,  1900;  Saratoga  Springs,  July  18,  1923;  Cambridge, 
June  22,  1906;  Fort  Ann,  September  5,  1912;  Lockport,  September  2, 
1924;  Fort  Edward,  June  19,  1925;  Glenmont,  June  14,  1923;  Poughkeepsie, 
June  4,  1903,  June  3,  1903 

Common  and  effective  parasite  of  several  wood  borers,  especially  the  pigeon 
tremex,  Tremex  columba  Linn. 

Megarhyssa  greenei  Vier.,  Wells,  July  8,  1914;  Albany,  September  9,  1887, 
September  22,  1881;  Jamaica,  L.  I.,  June  24,  1913;  Trenton  Falls,  June  18, 
1896;  Bath,  June  4,  1907;  Poughkeepsie,  July  15,  1903 
Megarhyssa  nortoni  Cress.,  Irvington,  May  28,  1901;  Newport,  June  15,  1895 
Megarhyssa  atrata  F.,  Nassau,  June  22,  1906;  Charlotteville,  June  14,  1910; 
Nyack,  June  19,  1911 ;  Irvington,  July  26,  1900;  Albany,  June  19,  1900, 
June  4,  1923,  June  29,  1893,  June  14,  1923,  June  25,  1901,  June  17,  1902; 
Rackett  River,  June  22,  1897;  Glenmont,  June  14,  1923;  Mayville,  1903; 
Norwich,  June  20,  1923;  Saratoga  Springs,  June  12,  1899,  June  18,  1923; 
Poughkeepsie,  May  22,  1903;  Saranac  Inn,  June  17,  1900;  Delmar, 
August  12,  1922;  Lockport,  June  17,  1912,  September  2,  1924 
Somewhat  common  parasite  of  several  wood  borers,  especially  the  pigeon 
tremex,  Tremex  columba  Linn. 

Rhyssa  persuasoria  Linn.,  Saranac  Inn,  July  19,  1900;  Nassau  Lake,  September 
3.  1923 

It  has  been  reared  from  Monochamus  confusor  Kirby  and  has  been  recorded 
as  a  parasite  of  Sirex. 

Rhyssa  lineolata  Kirby,  Gloversville,  September  1906;  Wells,  July  30,  1913 
Arotes  decorus  Say,  Poughkeepsie,  July  17,  1903;  Albany,  June  5,  8,  1903,  May 
28,  1903;  Poughkeepsie,  August  3,  1903 
Arotes  venustus  Cress.,  Long  Lake,  August  12,  1885;  Ithaca,  July  19,  1895 
Arotes  amoenus  Cress.,  Keene  Valley,  July  29,  1895,  July  10,  1890,  August  5, 
1899;  Canandaigua  Lake,  July  13,  1894;  Newport,  July  3,  1905;  Saranac  Inn, 
July  1 7,  1900;  Big  Moose,  July  7,  1903;  Lake  Placid,  July  10,  1903;  Albany, 
June  15,  1911;  Wells,  July  16,  1922 
Coleocentrus  rufus  Prov.,  Poughkeepsie,  June  1,  1903 
Gelis  sp.,  Schenectady,  June 
Gelis  sp.,  Karner,  June 

Gelis  sp.,  Chapel  Pond,  June;  Enfield  Glen,  August 
Mesostenidea  sp.,  Ithaca,  July  7,  19,  26;  Albany,  August 

Mesostenidea  thoracica  Cress.,  Trenton  Falls,  June  22,  1916,  June  21,  1916; 
Thatcher  Park,  Albany  county,  May  27,  1923;  Poughkeepsie,  May  21, 
August  3,  1903;  Ilion,  May  31,  1902;  Ithaca,  July  12,  1892;  Kenwood, 
June  2,  1902 

Parasite  of  Papilio  thoas  Linn,  and  Anisota  senatoria  Fabr. 

Mesostenidea  sp.,  Speculator,  June 

Acroricnus  junceus  Cress.,  Maynard,  Mass.,  May  13,  1909 
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Cryptus  extrematus  Cress.,  Cabin  John,  Md.,  June  25,  1917 
Parasite  of  apple  tent  caterpillar  and  of  cecropia  moth 
Cryptus  sp.,  Old  Forge,  June 

Polytribax  sp.,  Poughkeepsie,  August;  Canandaigua  Lake,  July 
Itamoplex  americanus  Cress.,  Northampton,  June  24,  1914;  Lake  Placid,  August 
4,  1888 

Agrothereutes  sp.,  Newport,  June;  Poughkeepsie,  May,  July,  August;  Albany, 
June;  Speculator,  June;  Keene  Valley,  June,  July;  Corinth,  June;  Trenton 
Falls,  June 

Agrothereutes  sp.,  Wells,  July;  Trenton  Falls,  June;  Poughkeepsie,  May,  June, 
August;  Albany,  June;  Nassau,  April,  May 
Agrothereutes  sp.,  Newport,  June;  Albany,  May,  June,  September;  Speculator, 
June;  Wells,  July;  Corinth,  June;  Nassau,  June;  Karaer,  July;  Clinton  Heights, 
April;  Poughkeepsie,  June,  August;  Ilion,  May;  Keene  Valley,  July;  Big  Moose, 
July;  Canandaigua  Lake,  July;  Adirondack  Lodge,  July;  Gloversville,  June 
Agrothereutes  sp.,  Albany,  June 
Thysiotorus  smithi  Cushman,  Hamden,  June  30,  1924 

Phygadeuon  sp.,  Speculator,  June;  Wells,  August;  Ithaca,  July;  Poughkeepsie, 
May,  June;  Karner,  May;  Newport,  May,  July;  Corinth,  June;  Valley  Falls, 
May;  Kenwood,  May;  Sacandaga  Park,  August 
Phygadeuon  sp.,  Lake  Placid,  August;  Wells,  August;  Karner,  May;  Poughkeep¬ 
sie,  August 

Phygadeuon  sp.,  Nassau,  June,  July;  Gloversville,  April;  Adirondack  Lodge, 
June;  Albany,  May,  June;  Trenton  Falls,  June;  Corinth,  June;  Ravena,  June; 
Ithaca,  July;  Broadalbin,  June;  Poughkeepsie,  April,  July;  Karner,  June, 
Wells,  July;  Saranac  Inn,  July 
Glyphicnemis  sp.,  Newport,  July 

Hemiteles  areator  tenellus  Say,  Northampton,  June  24,  1914;  Corinth,  July  1, 
1915;  Albany,  May  3,  1895,  June  10,  1887 
Parasite  of  Papilio  thoas  Linn,  and  Anisota  senatoria  Fabr. 

Hemiteles  tenellus  Say,  Hamden,  July  3,  1924,  June  30,  1924 

Parasite  of  Papilio  thoas  Linn,  and  Anisota  senatoria  Fabr. 

Hemiteles  sp.,  North  Creek,  August;  Nassau,  April;  Albany,  March,  June 
Hemiteles  sp.,  No  locality 

Hemiteles  sp.,  Wells,  July,  October;  Nassau,  May 

Hemiteles  sp.,  Nassau,  May;  Newport,  June;  Chapel  Pond,  June;  Wells,  July; 
Albany,  May,  June,  August;  Boston,  Mass.,  June;  Speculator,  June;  Karner, 
June;  Poughkeepsie,  June;  Karner,  May;  Cranberry  Creek,  June 
Toxophoroides  n.  sp.  ?,  Poughkeepsie,  June  9,  1908 
Eupelmus  sp.  ?,  La  Pointe,  Utah,  July 
Phaeogenes  sp.,  Gloversville,  September 
Phaeogenes  helvus  Cress.  ?,  Ithaca,  September  7,  1892 
Phaeogenes  spp.,  Wells,  July;  Ithaca,  July;  Albany,  May 

Phaeogenes  sp.,  Poughkeepsie,  June;  Keene,  June;  Delmar,  May;  Newport, 
June;  Pike,  April,  May;  Nassau,  June;  Sacandaga  Park,  August;  Albany, 
May;  Wells,  October;  Ithaca,  July;  Newport,  May;  Albany,  June,  July 
Phaeogenes  sp.,  Ithaca,  August;  Albany,  July,  June;  Ithaca,  July;  Speculator, 
June 

Phaeogenes  spp.,  Ithaca,  August  1892;  Clinton  Heights,  May  6,  1903;  Trenton 
Falls,  July  25,  1907 
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Trogus  vulpinus  Grav.,  Kamer,  June  5,  1905,  July  4,  1918;  Nassau,  May  31, 
1902;  June  14,  1905;  Nassau  Lake,  May  31,  1902;  Lawson’s  Lake,  June 
23,  1923;  Gloversville,  July  13,  1908;  Wells,  July  16,  1916;  Albany,  Sep¬ 
tember  8,  1921 

Parasite  of  caterpillars  of  swallow-tail  butterfly. 

Trogus  sp.,  Canandaigua  Lake,  July;  Gloversville,  September 
Amblyteles  sp.,  Albany,  August 

Amblyteles  spp.,  Gloversville,  September;  Pike,  May;  Wells,  August,  July; 
Albany  June,  September;  Nassau,  May;  Speculator,  August;  Trenton  Falls, 
June;  Poughkeepsie,  June;  Ilion,  May,  June 
Amblyteles  sp.,  Poughkeepsie,  May;  Pike;  Kamer,  September;  Newport,  May, 
July,  August;  Scotia,  June;  Bath,  March,  April;  Johnstown,  April;  Albany, 
June;  Kenwood,  July 

Amblyteles  comptus  Say,  Keene  Valley,  August  2,  1894;  Poughkeepsie,  June 
5,  1903;  Bath,  July  9,  1902;  Naples,  July  31,  1923 
Amblyteles  confirmatus  Cress.,  Bath,  March  15,  1903;  Normanskill,  April  18, 
1903 

Amblyteles  navus  Say,  Gloversville,  June  20, 1923;  Ithaca,  July  14,  1892 

Amblyteles  sp.,  Newport,  July;  Albany,  June,  October 

Amblyteles  apertus  Cress.,  Albany,  July  2,  1906,  July  8,  1905,  June  20,  1880 

Amblyteles  excultus  Cress.,  Albany,  June  2,  1889 

Amblyteles  bronteus  Cress.,  Old  Forge,  July  15,  1905 

Amblyteles  centrator  Say,  Bath,  March  15,  1903;  Albany,  April  4,  1920;  Thatcher 
Park,  Albany  county,  May  27,  1923;  Ithaca,  March  30,  1913,  April  2,  1913 
Amblyteles  cinctitarsus  Prov.,  no  locality 

Amblyteles  spp.,  Tannersville,  June;  Wells,  July;  Lake  Placid,  August;  Specula¬ 
tor,  July,  August;  Wappingers  Falls,  June 
Amblyteles  spp.,  Lake  Placid,  August;  Phoenicia,  August;  Cranberry  Creek, 
June;  Albany,  April,  August,  September;  Poughkeepsie,  May,  June;  Trenton 
Falls,  June;  Stockport,  July;  Valley  Falls,  April;  Wells,  July;  Ithaca,  July; 
Poughkeepsie,  May;  Kamer,  September;  Johnstown,  March,  April,  August; 
Austerlitz,  May;  Greenville,  April;  Gloversville,  March,  August;  Glens  Falls, 
July;  Voorheesville,  June,  November;  Ithaca,  March;  Canandaigua  Lake, 
July;  Newport,  July;  Lake  Placid,  June;  Trenton  Falls,  June;  Keene  Valley, 
July;  Piseco  Lake,  August;  Ilion.  March;  Northampton,  June;  Corinth,  June; 
Watervliet  Reservoir,  August  2 

Amblyteles  milvus  Cress.,  Canandaigua  Lake,  July  13,  1894;  Albany,  June  26, 
1912 

Amblyteles  mimosus  var.  inbellus  Cress.,  Colorado  Springs,  August;  Essex  county, 
August  6,  1891 

Amblyteles  succinctus  Brulle,  Albany,  September  16,  1902;  Orient,  September 

3,  1923 

Amblyteles  mendax  Cress.,  Pike,  March  1902;  Bath,  March  15,  1903;  Glovers¬ 
ville,  March  29,  1907;  Normanskill,  April  18,  1903 
Amblyteles  subcyaneus  Cress.,  Poughkeepsie,  July  15,  1903,  July  14,  17,  May  21, 
June  1,  8,  May  2,  1904,  May  22,  1903,  July  16,  1903 
Amblyteles  sp.,  Pike,  May;  Johnstown,  May;  Severance,  August 
Amblyteles  unifasciatorius  Say,  Ithaca,  September  15,  1892;  Johnstown,  August 
10,  1908;  Wells,  August  5,  1918;  Albany,  July  13,  1906;  Karner,  June  2, 
1905;  Poughkeepsie,  July  17,  1903 
Parasite  of  Apatela  oblinita  Sm.  &  Abb. 
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Amblyteles  improvisus  Cress.,  Dug  Mountain,  August  8,  1912;  Ithaca,  June 
28,  1892;  New  Baltimore,  August  16,  1912;  Albany,  August  12,  1912;  Richmond, 
S.  I.,  June  16,  1923 

Amblyteles  flavicornis  Cress.,  Newport,  July  3,  1905;  Bath,  July  8,  9,  1902; 
Albany,  August  10,  1899;  Wells,  July  29,  1913,  July  27,  1914;  Keene  Valley, 
July  16,  1894;  Poughkeepsie,  July  16,  1903 
Amblyteles  vittafrons  Cress.,  Saranac  Inn,  July  21,  1905 
Amblyteles  grandis  Brulle,  Canandaigua  Lake,  July  20,  1894 
Amblyteles  quadrizonatus  Vier.,  Albany,  September  17,  1904 
Amblyteles  jucundus  Brulle,  Ithaca,  July  19,  1892,  October  10,  1892;  Pike,  June 
1,  1901;  Kamer,  May  21,  1902;  Albany,  August  5,  1924;  Gloversville,  March 
23,  1907 

Platylabus  sp.,  Speculator,  June 

Cylloceria  sp.,  Corinth,  June;  Speculator,  June;  Poughkeepsie,  July 

Ibalidae 

Ibalia  maculipennis  Hald.,  Poughkeepsie,  May  21,  1903,  June  1,  1903;  Port 
Chester,  September  24,  1913;  Albany,  June  4,  1923 
Issued  from  dead  wood  of  injured  sugar  maple,  parasite  of  a  wood  borer. 

Entedontidae 

Closterocerus  sp.,  Hicksville,  June 

Elasmidae 

Elasmus  ?,  Binghamton,  May  20,  1900 

Pteromalidae 

Pteromalus  sp.,  Phoenix,  Ariz.,  May;  New  Russia,  June 
Dibrachys  boucheanus  ?,  Spencerport,  February  23,  1918 

An  important  common  hyperparasite  reared  from  tent  caterpillar  and 
Cecrop  a  cocoons. 

Eupelmidae 

Eupelmus  ?  sp.,  Speculator,  August 

Metapelma  spectabilis  West,  Ilion,  June  10,  1912;  Albany,  May  7,  May  11,  1903 

Callimomidae 

Ormyrus  sp.,  Hoversville,  June 
Ormyrus  sp.,  Kamer,  July 

Monodontomerus  dentipes  Boh.,  Farmingdale,  July  30,  1923 
Reared  from  pine  sawfly,  Diprion  sp. 

Monodontomerus  sp.,  Rochester,  April  12,  1918 
Syntomaspis  sp.,  Durango,  Colo. 

Syntomaspis  sp.,  Sedalia,  Colo.,  May 
Brachistes  sp.  ?  Buffalo,  May 

Eurytomidae 

Eurytoma  sp.,  Hudson  Valley,  May  14,  1917 

Reared  from  gall  of  Diastrophus  radicum  Bass. 
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Perilampidae 

Perilampus  sp.,  West  bury,  L.  I.,  August  7,  1917 
Reared  from  Archips  fervidana  Clem. 

Perilampus  sp.,  Albany,  August,  October 

Chalcididae 

Chalcis  microgaster  Say,  Berlin,  Mass.,  May  1,  6,  12,  April  10,  27,  June  7,  1899; 
Albany,  May  18,  28  29,  June  7,  1899;  Greenwich,  Conn.,  March  26,  31,  1915 

Leucospidae 

Leucospis  affinis,  Canandaigua  Lake,  July  12,  19,  23,  1894;  Karner,  August  29, 
1902;  Newport,  June  30,  1905 
Has  been  reared  from  nests  of  leaf  cutter  bees. 

Scelionidae 

Telenomus  sp.,  Rochester,  January 

Ceraphronidae 

Megaspilus  sp.,  Chapel  Pond,  June 

Serphidae 

Serphus  sp.,  Wells,  July 
Serphus  sp.,  Hope,  August 

Pelecinidae 

Pelecinus  polyturator  Dru.,  Stottville,  October  5,  1900;  Coeymans,  1894;  Canan¬ 
daigua  Lake,  July  25,  1894;  Keene  Valley,  August  2,  1895,  August  7, 
1896,  August  10,  1889;  Lake  George,  August  19,  1817;  Karner,  August 
29,  1902;  Albany,  September  3,  1916,  September  14,  1916;  Ithaca,  August 
6,  1915;  New  Russia,  August  24,  1925;  Nassau  Lake,  September  3,  1923 
Recorded  as  a  parasite  of  white  grubs,  of  May  or  June  beetles. 

Chrysididae 

Notozus  ?  sp.,  Wells,  July 

Scoliidae 

Scolia  bicincta  Fab. 

Campsomeris  plumipes  Dru. 

Elis  quinquecincta  Fab.,  Albany,  July  12,  1899;  Sheepshead  Bay,  August  26, 
1903 

Plesia  sp.,  Albany,  July 

Tiphia  inomata  Say,  Albany,  June  13,  1903;  Meadowdale,  August  2,  1904; 
Wells,  July  18,  1923;  Newport,  August  18,  1904 
A  parasite  of  white  grubs. 

Tiphia  sp.,  New  Baltimore,  August;  Poughkeepsie,  May,  June;  Albany,  May, 
June;  Karner,  May,  August;  Johnstown,  August 
Notoglossa  sp.,  Old  Forge,  July  15,  1905;  Wells,  July  30,  1912 

Sapygidae 

Sapyga  sp.,  Albany,  May 
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Methocidae 

Methoca  stygia  Say,  Wells,  July  29,  1913;  Broadalbin,  June  29,  1915 

Psammocharidae 

Ceropales  sp.,  Wells,  July  27,  1911 

Ceropales  bipunctata  Say,  Newport,  August  18,  1904;  Johnstown,  August  28,  1908 
Ceropales  fratemus,  Saranac  Inn,  July  22,  1905;  Old  Forge,  July  14,  17,  1905; 

Keene  Valley,  August  5,  1896,  July  28,  August  9,  1892 
Episyron  biguttatus  Fab.,  Canandaigua  Lake,  July  12,  1894;  Minerva,  August 
4,  1885;  Keene  Valley,  July  21,  1893;  Wells,  July  30,  1912;  Gloversville,  July 
22,  1906 

Episyron  quinquenotatus  Say,  Albany,  June  18,  1906;  Elm  Lake,  August  7, 1912; 

Newport,  July  17,  1907;  Wells,  July  20,  1912 
Pompiloides  marginatus,  Newport,  July  8,  1905;  Albany,  July  13,  1906;  Old 
Forge,  July  8,  1905;  Sheepshead  Bay,  July  29,  1889;  Keene  Valley,  August  8, 
1895;  Jamaica,  L.  I.,  July  7,  1923 
Cryptocheilus  fulvicomis,  Sheepshead  Bay,  August  26,  1903 
Psammochares  sp.,  Wells,  July  30,  1912,  July  31,  1918,  August  7,  1918 

Eumenidae 

Eumenes  fratemus  Say,  Lake  Pleasant,  August  3,  July  29,  1887;  Speculator, 
June  13,  1922;  Keene  Valley,  August  5,  1889,  July  31,  1896,  July  27,  1887; 
Poughkeepsie,  May  2,  26,  1904;  Wells,  July  25,  1912;  Albany,  August  n,  1907, 
July  6,  1906;  Long  Lake,  August  17,  1885;  Wilmington,  August  18,  1888 
A  common  potter  wasp. 

Monobia  quadridens  Linn.,  Nassau,  September  8,  1902;  Albany,  July  6,  1906, 
June  13,  1896;  Poughkeepsie,  July  1913 

Symmorphus  walshianus  Sauss.,  Saranac  Inn,  July  22,  1905;  Old  Forge,  July 
13, 1905 

Odynerus  sp.,  Karner,  June;  Keene  Valley,  August,  July;  Davidson’s  R.,  N.  C., 
September;  Albany,  August,  June;  Newport,  July;  Wells,  July;  Broadalbin, 
June 

Odynerus  megaera,  St  Farg.,  Cabin  John,  Md.,  June  1917 

Odynerus  sp.,  Davidson’s  R.,  N.  C.,  September;  Wells,  July,  August;  Crosby 
May;  Newport,  June;  Minerva,  August;  Kenwood,  July;  Canandaigua  Lake 

July 

Odynerus  sp.,  Crosby,  May 

Odynerus  sp.,  Wells,  July 

Odynerus  sp.,  Morgantown,  W.  Va.,  July 

Ancistrocerus  capra  Sauss.,  Piseco  Lake,  August  21,  1888;  Adirondack  Lodge, 
July  14,  1923;  Long  Lake,  August  20,  1885;  Albany,  June  28,  1894;  Keene 
Valley,  August  29,  1888,  July  1,  1895,  August  8,  1893;  Lake  Placid,  August  4, 
1888;  Old  Forge,  June  30,  1905;  Bath,  May  26,  1911,  June  4,  1907;  Albany, 
June  1,  1906,  July  22,  1887;  Ithaca,  June  17,  1893 
Ancistrocerus  sp.,  Davidson’s  R.,  N.  C.,  September;  Piseco  Lake,  August;  Keene 
Valley,  August;  Old  Forge,  July,  June;  Wells,  July;  New  Salem,  June;  Albany, 
July;  Nassau,  June;  Speculator,  July;  Chazy  Lake,  June;  Minerva,  August; 
Valley  Falls,  May 

Ancistrocerus  catskillensis  Sauss.,  Poughkeepsie,  May  2,  1904;  Keene  Valley, 
July  1,  1895,  July  21,  15,  1892,  July  18,  1895,  July  3,  1892,  June  23,  1895- 
Saranac  Inn,  July  20,  22,  1905. 
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Ancistrocerus  sp.,  Keene  Valley,  July;  Bath,  June;  Ithaca,  August;  Canandaigua 
Lake,  July;  Albany,  June,  August,  September;  Orient,  September;  Poughkeep¬ 
sie,  May;  Old  Forge,  July;  North  Chatham,  June;  Corinth,  June;  Newport, 
July 

Ancistrocerus  spinolae  Sauss.,  Lawson’s  Lake,  June  23,  1923 

Vespidae 

Paper  wasps 

Vespula  diabolica  Sauss.,  Cranbrook,  B.  C.,  September  12,  1910;  Keene  Valley, 
August  1,  1895 

Vespula  sp.,  Keene  Valley,  August  6,  1895,  August  20,  1889;  Kamer,  July  24, 
1903;  Albany,  July  30,  1903;  Wells,  July  27,  1919;  Menands,  November  2, 
1899;  Floodwood,  September;  Coeymans,  June 
Vespula  sp.,  Grandfather,  N.  C.,  October 
Vespula  sp.,  Lake  Louise,  B.  C.,  July 
Synagris  ?  sp.,  Philippine  Islands,  1916 
Polistes  variatus  Say,  Boulder,  Colo.,  August  25,  1901 
Polistes  sp.,  Bermuda  Islands,  March  12,  1897 

Sphecidae 

Thread-w aisled  wasps 
Nysson  sp.,  Keene  Valley,  August 
Cryptocheilus  unifasciata  Albany,  August  12,  1907 

Agenia  sp.,  Wells,  July;  New  Russia,  July;  Delmar,  May;  Poughkeepsie,  June 
Euspongus  bipunctatus  Say,  Albany,  April  29,  30,  1912;  Douglas  county,  Kans., 
July 

Hoplisus  phaleratus  Say  ?,  Piseco  Lake,  August  30,  1888;  Keene  Valley,  August 
21,  1894,  August  2,  1899,  July  17,  1894;  Minerva,  August  4,  1885;  Speculator, 
August  9,  1908;  Wells,  July  25,  1918,  August  11, 1923,  August  1,  1923,  July  30, 
1923,  July  20,  1912,  July  18,  1914,  July  29,  1923;  Albany,  July  13, 1906,  July  25, 
1903;  Kamer,  July  24,  1903;  Clyde,  July  27,  1923 
Hoplisus  sp.,  Albany,  August 
Hoplisus  sp.,  Piseco  Lake,  August;  Albany,  August 
Hoplisus  sp.,  Wells,  July 

Mimesa  sp.,  Poughkeepsie,  July;  Albany,  August;  Keene  Valley,  August;  Broad- 
albin,  June;  Albany,  May;  Long  Lake,  August 
Oxybelus  sp.,  Wells,  August 

Oxybelus  quadrinotatus  Say,  Kamer,  July  23,  August  9,  1901;  Broadalbin 
June  29,  1915;  Wells,  July  30,  1912;  Old  Forge,  July  13,  14,  15,  1905;  Carlisle, 
Pa.,  August  12,  1918;  Bath,  May  26,  1911 
Notoglossa  sp.,  Karner,  July 
Notoglossa  sp.,  Ken  wood,  July 

Anacrabro  ocellatus  Pack.,  Karner,  July  23;  Kenwood,  July  5,  1900;  Speculator, 
August  1908;  Albany,  August  12,  1899;  Wells,  June  29,  August  1,  1923 
Rhopalum  sp.,  Speculator,  June 
Solenius  sulcus  Fox,  Albany,  June  3,  1912 

Solenius  sp.,  Keene  Valley,  July;  Wells,  July,  August;  Long  Lake,  August; 
Lake  Placid,  August;  Speculator,  June,  August;  Newport,  July;  Piseco  Lake, 
August;  Nassau,  June;  Albany,  June;  Newport,  June 
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Solenius  sp.,  Albany,  June,  May 
Solenius  sp.,  New  Salem,  June 

Solenius  stirpicolus  Pack.,  Poughkeepsie,  June  3,  4,  1903 

Crabro  sp.,  Wells,  July,  August;  Boulder,  Colo.,  May;  Bath,  May;  Phoenix, 
Ariz.,  April;  Kamer,  June;  Pompton,  N.  J. 

Aphilanthops  sp.,  Wells,  August 

Philanthus  sp.,  Albany,  September,  June;  Wells,  July;  Keene  Valley,  August; 
Kamer,  July 

Philanthus  sp.,  Wells,  July 

Trypoxylon  albitarse  Fab.,  Clinton  Heights,  April  14,  1900 
Trypoxylon  sp.,  Mud  Hollow  Pond,  June 
Trypoxylon  sp.,  Albany,  May  15,  August  5,  1907 
Trypoxylon  albopilosum  Fox,  Albany,  August  7,  1899 
Trypoxylon  texense,  Plano,  Tex.,  June  1907 

Trypoxylon  clavatum  Say,  Ithaca,  August  8,  July  6,  1899,  July  21,  1892 
Trypoxylon  frigidum  Sm.,  Old  Forge,  July  13,  1905;  Albany,  May  15,  1907, 
June  14,  1908,  May  24,  1906,  June  13,  1903;  Poughkeepsie,  June  9,  1908;  Ilion, 
May  31,  1902;  Karner,  May  5,  1903;  Chapel  Pond,  Essex  county,  June  28, 
1923;  West  Winfield,  June  7,  1921 
Trypoxylon  carinifrons  Fox,  Plano,  Tex.,  August,  September,  1907 
Trypoxylon  tridentatum  Pack.,  Kamer,  July  23,  1902;  Ithaca,  July  18,  1893; 

Poughkeepsie,  July  17,  1903;  Lockport,  August  6,  1917 
Trypoxylon  sp.,  France,  March  1926 
Diodontus  sp.,  Zabriskie  Coll. 

Chlorion  ichneumonium  L.,  Kamer,  September  22,  1902;  Albany,  July  22,  1919, 
July  4,  1900;  Orient,  April  1913;  Rensselaer,  July  30,  1912;  New  Russia, 
September  8,  1901 

Chlorion  auripes  Fern.,  Kamer,  August  9,  1901 
Chlorion  harrisi  Fern.,  Douglas  County,  Kans.,  May 
Chlorion  pennsylvanicum  L.,  N.  Y.  S.  Coll. 

Chlorion  cyaneum  Dahlb.,  N.  Y.  S.  Coll. 

Sphex  sp.,  Voorheesville,  August;  Davidson’s  R.,  N.  C.,  September;  Mineola 
L.  I.,  July;  Wilmington,  August;  Piseco  Lake,  August;  Keene  Valley,  August; 
Wells,  July;  Lake  Pleasant,  July 

Sceliphron  cementarium  Dru.,  Canandaigua  Lake,  August  25,  1920;  Wells, 
July  20,  1914;  Coeymans,  1890 

Chalybion  caeruleum  Linn.,  Pike;  Keene  Valley,  July  17,  1920;  Ithaca,  July  12, 
1892;  June  28,  1892;  Albany,  June  24,  1893,  July  2,  1886,  July  9,  1915,  June 
24,  1914;  Orient  Point,  July  12,  1910;  Central  Nassau,  July  6,  1920;  Coey¬ 
mans,  June  23,  1.899;  Kamer,  August  20,  1902;  Irvington,  July  26,  1900; 
Schenectady,  June  30,  1920 
Lyroda  subita  Say,  Wells,  July  7,  1923 
Tachytes  sp.,  N.  Y.  S.  Coll. 

Tachysphex  sp.,  Kamer,  July 

Psammophila  luctuosa  Sm.,  Keene  Valley,  August  8,  1896;  Gloversville,  Sept¬ 
ember  5,  1908;  Keene  Valley,  August  15,  1899,  July  31,  1886,  August  8,  1896; 
Wells,  July  31,  1914;  Saranac  Inn,  July  21 ,  1905;  Lake  Pleasant,  July  26, 
1887;  Lake  Clear,  July  9,  1903 
Pemphredon  sp.,  Wells,  July 
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Euceridae 

Melissodes  bimaculata  Le  P.,  Amsterdam,  July  17,  1925 

Bembecidae 

Sphecius  speciosus  Dru.,  Douglas  county,  Kans.,  July;  Albany,  August  28,  1900, 
July  15,  1901;  Kamer,  August  9,  1901,  August  20,  1902,  July  15,  1901 
A  large  southern  form,  occasionally  making  numerous  large  burrows  in  lawns, 
known  as  the  “  Cicada  killer  ”  because  harvest  flies  are  favorite  victims. 
Microbembex  monodonta  Say,  Kamer,  July  19,  1900;  August  1,  1902,  June  29, 
1910;  Albany,  July  7,  1887;  Keene  Valley,  August  4,  1893;  Menands,  July  13, 
1922;  Wells,  July  19,  1923 

Bicyrtes  quadrifasciata  Say,  Menands,  July  13,  1922 

Bicyrtes  ventralis  Say,  Keene  Valley,  August  7,  1895;  Albany,  July  30,  1900; 
Newport,  June  30,  1905 

Bicyrtes  sp.,  Keene  Valley,  August;  Kamer,  June 

Bembix  spinolae  St  Farg.,  Keene  Valley,  August  10,  1895,  July  27,  1894,  August 
11,  1893,  August  9,  1886,  August  10,  1889,  August  13,  1891,  August  10,  1892, 
August  1,  1894,  August  17,  1893,  August  2,  1890;  Piseco  Lake,  August  29, 
30,  1888;  Lake  Pleasant,  August  3,  1887;  Hatch  Ex.  Station,  August 

17,  1901;  Kamer,  July  24,  1903;  September  6,  1901,  July  27,  1901,  August  4, 
1902,  July  24,  1903;  Saranac  Inn,  August  4,  1900;  Severance,  July  18,  1897; 
Newport,  July  8,  1905;  Wells,  July  19,  1923 
Stictiella  emarginata  Cress.,  Center,  July  28,  1870 

Cerceridae 

Cerceris  deserta  Say,  Cabin  John,  Md.,  June  1,  1918 

Cerceris  sp.,  Wells,  July,  August;  Keene  Valley,  August;  Albany,  August;  Kamer, 
September;  Old  Forge,  July;  Poughkeepsie,  June,  July,  August 

Halictidae 

Solitary  or  digger  bees 

Halictus  sp.,  Wells,  July 

Halictus  provancheri  D.  T.,  Kenwood,  May  30,  1923;  Clyde,  July  12,  1923; 
Wells,  August  1,  1923;  Franklinton,  June  20,  1923;  Mineola,  July  8,  1923; 
Valley  Falls,  May  8,  1921 

Halictus  ligatus  Say,  Clyde,  July  27,  1923;  Mud  Hollow  Pond,  June  20,  1923 
Halictus  lerouxi  LeP.,  Wells,  July  8,  1923 

Halictus  spp.,  Wells,  July;  Hague,  August;  New  Salem,  June;  Voorheesville, 
August;  Adirondack  Lodge,  July;  Orient,  May;  Mineola,  July;  Tompkins 
Comers,  July;  Normanskill,  August;  Wappingers  Falls,  June;  Rensselaer, 
May;  Thompson,  May 
Sphecodes  sp.,  Wells,  July 

Andrenidae 

Solitary  or  digger  bees 

Andrena  sp.,  Albany,  June 

Andrena  canadensis  D.  T.,  Piseco  Lake,  August  30,  31,  1888;  Keene  Valley, 
August  13,  1889;  Gloversville,  August  18,  1908 
Andrena  moesta  Sm.,  Gloversville,  August  20,  1908 
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Andrena  sp.,  Mineola,  June;  Nassau,  May;  Mount  McIntyre,  July;  Wells, 
April;  Valley  Falls,  May;  Orient  Point,  May;  Albany,  June;  Keene  Valley, 
July;  Center,  1885;  Newport,  July 

Andrena  crataegi  Rob.,  Wells,  May  8,  22,  1921;  Keene  Valley,  June  14,  1892; 

Nassau,  May  16,  1903;  Valley  Falls,  May  8,  1921 
Andrena  erythrogaster  Ashm. 

Andrena  clarkella  Kirby,  Center,  April  21,  1885 
Andrena  integra  Sm.,  Gloversville,  July  21,  1917 
Andrena  salictaria  Rob.,  Thompson,  May  25,  1923 
Andrena  illinoensis  Rob.,  Long  Lake,  August  1885 
Andrena  wilkella  Kirby,  Gloversville,  June  28,  1917 


Macropidae 


Macropis  sp.,  Wells,  July 

Panurgidae 

Panurginus  cressoniellus  Ckll.,  Florissant,  Colo.,  July  29,  1907 
Calliopsis  andreniformis  Sm.,  Saratoga,  July  14,  1925 


Nomadidae 

Nomada  sp.,  Keene  Valley,  August 
Epeolus  sp.,  Voorheesville,  August 

Hylaeidae 

Hylaeus  sp.,  Speculator,  June;  Hague,  August;  Mineola,  July;  Marlboro,  June; 

Albany,  July;  Clayville,  June 
Hylaeus  sp.,  Trenton  Falls,  June 
Phanerotoma  sp.,  Albany,  July  8,  1908 


Megachilidae 

Leaf  cutter  bees 

Megachile  sp.,  Adirondack  Lodge,  July;  Wells,  August 
Coelioxys  sp.,  Voorheesville,  August 
Andronicus  sp.,  Center,  June 
Ceratina  dupla  Say,  Rochester,  July  29,  1925 
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NEW  EASTERN  SPECIES  OF  MEDETERUS 
(DOLICHOPODIDAE,  DIPTERA) 

By  C.  H.  Curran 

(A  contribution  from  the  Division  of  Systematic  Entomology, 
Entomological  Branch,  Department  of  Agriculture,  Ottawa,  Canada) 

The  species  of  Medeterus  described  in  the  following  pages  are 
mostly  from  the  collection  of  the  New  York  State  Museum,  Albany. 
They  include  some  interesting  forms,  M.  crassivenis  being  the 
first  Nearctic  species  with  the  third  vein  widened  and  flattened. 
Among  the  useful  characters  available  for  the  separation  of  species 
are  the  numbers  and  strength  of  the  bristles  of  the  mesonotum  and 
the  presence  or  absence  of  bristles  on  the  femora  and  length  of  the 
hair  on  these  parts. 

The  biological  data  in  relation  to  the  various  species  are  taken 
from  New  York  State  Museum  records  kindly  placed  at  our  disposal 
by  Dr  E.  P.  Felt,  State  Entomologist. 

Medeterus  crassivenis  n.  sp. 

Readily  distinguished  from  Nearctic  species  by  the  very  much 
broadened  basal  third  of  the  fifth  longitudinal  vein.  Differs  from 
incrassatus  Frey  (Europe)  in  having  the  last  section  of  the 
fifth  vein  hardly  half  as  long  as  the  large  cross  vein  instead  of  twice 
as  long,  and  in  the  color. 

Length,  2  mm.  Male.  Face  blackish  green,  black  below,  thinly 
greyish  pollinose.  Front  opaque  brown  pollinose.  Back  of  head 
brownish  grey  pollinose,  the  hairs  whitish  on  lower  half,  black  above. 
Palpi  black.  Antennae  wholly  black;  third  joint  small,  a  little  wider 
than  long,  the  apical  end  flattened,  but  little  convex,  the  arista  in 
the  middle,  long,  slender. 

.  Sides  of  mesonotum,  posterior  depression  and  pleura,  greyish  white 
pollinose,  the  mesonotum  elsewhere  with  brown  pollen.  Acrostical 
bristles  in  two  rows,  quite  short,  becoming  a  little  longer  posteriorly; 
anterior  dorso-central  bristles  not  as  long  as  the  acrosticals;  the  front 
two  posterior  ones  long,  but  much  weaker  than  the  two  posterior 
pair :  one  of  the  anterior  acrosticals  is  fairly  strong,  but  weaker  than 
the  first  posterior.  A  single  black  bristle  above  front  coxae.  Scut- 
tellum  with  four  bristles. 
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Legs  black  or  brownish  black,  the  immediate  knees  more  or  less 
reddish.  Front  four  tarsi  brownish  yellow,  with  broad  tips  of  the 
first  two  joints  and  the  whole  of  the  remaining  joints  black.  Pos¬ 
terior  femora  with  a  row  of  five  or  six  long  hairs  anteriorly  on  the 
apical  half,  their  antero- ventral  surface  also  with  long  hairs  on  apical 
half.  Middle  tibiae  with  a  single  small  antero-dorsal  bristle  near  the 
base. 

Wings  greyish  hyaline;  third  vein  gently  curved,  the  fourth  evenly 
approaching  it,  widely  separated  at  costa  which  the  fourth  vein 
reaches  before  the  apex  of  the  wing.  Swelling  of  fifth  vein  as  wide 
as  the  width  of  the  second  basal  cell  at  the  middle. 

Abdomen  blackish,  with  green  reflections  except  on  the  middle 
line  and  apex,  the  whole  brownish  pollinose,  the  hairs  black.  Geni¬ 
talia  blackish,  the  appendages  reddish;  large  and  without  apparent 
peduncle. 

Female.  Face  a  little  wider,  black,  grey  pollinose;  front  with 
greyish  brown  pollen.  Anterior  femora  with  six  or  seven  long  hairs 
on  apical  fourth  or  fifth  of  postero- ventral  edge;  middle  tibiae  with 
antero  and  postero-dorsal  bristle  at  basal  fourth  (both  these  characters 
perhaps  present  in  male).  Wings  without  enlarged  fifth  vein. 
Otherwise  as  in  male. 

Holotype :  cf1,  Nassau,  N.  Y.,  May  io,  1911;  in  New  York  State 
Museum,  Albany. 

Allotype :  9  ,  Cooperstown,  N.  Y.,  August  4,  1911. 

Paratypes :  2  c? ,  Cooperstown,  August  2,  1911;  9,  August  23, 

1911.  cf  and  9  • 

Paratypes  No.  1323  in  Canadian  National  Collection,  Ottawa. 

This  species  was  reared  from  decaying  oak  bark  collected  at 
Nassau,  N.  Y.,  November  25,  1910,  and  infested  with  the  larvae 
ofLeptosyna  quercus  Felt  and  also  yellowish  larvae  of  an 
undetermined  species  of  Sciara. 

Medeterus  furcatus  n.  sp. 

In  Van  Duzee’s  table  runs  to  erophilus  Wh.  (couplet  43 ,  p.  260. 
There  is  an  error  in  this  couplet;  the  word  “  one-half  ”  should  be 
replaced  by  “  twice”).  It  differs  markedly  from  this  species;  the 
posterior  cross  vein  is  almost  two-thirds  as  long  as  last  section  of 
fifth  vein;  tibiae  yellow;  hind  tibiae  with  comb  of  abundant  yellow 
hair  on  inner  side. 

Length,  2.25  mm.  Male.  Face  greenish  black,  yellowish  grey 
pollinose;  front  greyish  pollinose.  Hair  of  back  of  head  white, 
black  on  upper  fourth.  Palpi  shining  black.  Antennae  black; 
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third  joint  sub  triangular,  as  long  as  wide,  the  arista  moderately 
before  the  tip. 

Pleura,  sides  and  posterior  of  mesonotum,  grey  pollinose,  the 
anterior  portion  with  brownish  grey  pollen.  Acrosticals  moderately 
strong ;  two  strong  and  two  weak  posterior  dorsocentrals,  the  anterior 
dorsocentrals  increasing  in  length  behind,  but  not  generally  distinct 
from  the  abundant  hairs  on  the  sides  in  front  of  the  suture,  these 
hairs  arranged  in  six  or  seven  rows.  Scutellum  with  four  bristles. 
Propleural  hairs  white. 

Coxae  and  femora  black,  the  latter  with  reddish  yellow  apices,  the 
former  with  white  hairs  and  black  bristles;  hind  coxae  with  single 
black  bristle  on  outer  surface.  Tibiae  and  tarsi  reddish  yellow,  the 
apical  two  or  three  tarsal  joints  brownish.  Legs  with  white  hair; 
tibiae  without  bristles;  hind  femora  with  three  or  four  hairs  in  row 
on  the  middle  of  the  posterior  surface  before  the  apex,  the  lower  pos¬ 
terior  edges  of  the  front  and  hind  femora  without  conspicuously 
long  hairs. 

Wings  greyish  hyaline,  third  vein  slightly  curved;  fourth  vein 
parallel  with  third  on  apical  third  of  last  section  of  fourth  vein  which 
ends  slightly  before  the  apex  of  the  wing.  Squamae  yellow,  with 
brownish  border  and  yellow  cilia.  Halteres  yellow. 

Abdomen  blackish,  with  some  greenish  reflections  laterally;  covered 
with  thin  greyish  brown  pollen;  the  hairs  yellowish.  Genitalia 
black,  the  appendages  reddish  brown,  the  inner  (large)  lamellae  forked 
on  apical  half. 

Female .  Differs  only  sexually. 

Holotype:  cT,  Nassau,  N.  Y.,  April,  15,  1911,  in  New  York  State 
Museum,  Albany. 

Allotype:  9  ,  Nassau,  N.  Y.,  April  24,  1911. 

Paratype:  cf,  Nassau,  April  26,  1911;  No.  1324  in  Canadian 
National  Collection. 

The  fly  was  reared  under  the  same  conditions  as  those  described 
above  for  M.  venatus  and  in  addition  was  obtained  from 
chestnut  bark  infested  with  Miastor  americana  Felt. 
Larvae  collected  October  5,  1910.  This  latter  lot  also  produced 
species  of  Lestodiplosis. 

Medeterus  venatus  n.  sp. 

Traces  out  to  frontalis  in  Van  Duzee’s  key  but  the  thorax  is 
grey  pollinose  and  the  acrostical  bristles  only  about  half  as  strong. 

Length,  2.25  mm.  Male.  Face  greenish  black,  the  upper  section 
very  thinly  grey  pollinose,  the  front  with  dense  grey  pollen.  Hair 
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of  back  of  head  brownish  yellow,  black  above.  Palpi  shining  black. 
Antennae  black;  third  joint  a  little  longer  than  wide,  cordate,  the 
arista  a  little  above  the  apex. 

Thorax  grey  pollinose,  with  two  or  three  very  obscure  brownish 
vittae,  the  bright  blue  green  ground  color  visible  in  some  lights. 
Four  pairs  of  dorso-centrals,  about  four  hairs  in  front  of  each  row; 
acrostical  bristles  moderately  strong.  Propleural  bristle  black; 
four  scutellars. 

Legs  black;  knees  reddish;  middle  basitarsi  brownish  yellow  except 
the  apex.  Coxal  hairs  brownish  yellow.  Middle  femora  sparsely 
short  ciliate  along  antero-ventral  edge,  none  of  the  hairs  longer  than 
half  the  width  of  the  femur  (in  frontalis  they  are  almost  as  long 
as  femoral  width) ;  posterior  femora  with  three  or  four  anterior  bristles 
before  the  end,  and  with  several  long  ventral  hairs  apically.  Middle 
tibiae  with  two  bristles.  Posterior  basitarsus  a  little  more  than  half 
as  long  as  second  joint. 

Wings  cinereous  ’  hyaline ;  fourth  vein  ending  in  wing  tip,  evenly 
approaching  the  third,  the  two  not  parallel ;  ultimate  section  of  fifth 
vein  about  once  and  one-half  as  long  as  the  cross  vein.  Squamae 
reddish  with  brownish  yellow  cilia;  halteres  reddish. 

Abdomen  black,  with  greenish  reflections,  thinly  greyish  polli¬ 
nose;  hair  brown.  Genitalia  black;  appendages  brownish  red; 
outer  appendages  furcate  on  apical  third,  the  lower  fork  slender. 

Female.  Agrees  with  male  in  all  respects. 

Holotype:  a71,  Nassau,  N.  Y.,  May  9,  1911;  in  New  York  State 
Museum,  Albany. 

Allotype:  9  ,  same  data. 

Paratypes:  3?,  Nassau,  April  29,  1911.  Two  paratypes,  No. 
1325  in  Canadian  National  Collection. 

This  species  was  reared  from  partly  decayed  chestnut  bark  collected 
at  Nassau,  N.  Y.,  November  24,  1910.  The  bark  was  inhabited 
by  a  number  of  dipterous  species.  Winnertzia  pecti  nata 
Felt,  Janie tella  ligni  Felt,  Lonchea  polita  Say, 
Xylophagus  lugens  Lw.,  Pseudotephritisvau 
Say  and  a  species  of  Lestodiplosis  were  all  reared  from  this  lot  as 
well  as  the  above  mentioned  Medeterus.  Lestodiplosis  is  a  common 
predator  of  gall  midge  larvae  and  presumably  restricts  itself  to  the 
smaller,  weaker  larvae  in  this  lot.  Chrysis  ver  ticalus 
Patton  was  also  obtained. 

Medeterus  simplicipes  n.  sp. 

Presuming  the  hairs  above  the  front  coxae  to  be  black,  this  species 
runs  to  maurus  Wheeler  in  Van  Duzee’s  key  but  the  posterior 
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tibiae  and  tarsi  are  wholly  yellow,  the  front  pollinose,  etc.  If  the  pro- 
pleural  bristles  are  pale  it  traces  to  couplet  43 ,  differing  from  both 
modestus  and  xerophilus  in  the  length  of  the  last  section  of 
the  fifth  vein  which  is  once  and  one-half  as  long  as  the  cross  vein 
and  it  further  differs  from  these  in  the  color  of  the  legs,  etc. 

Length,  1.75  mm.  Male.  Face  black,  the  upper  section  with 
green  reflections,  thinly  greyish  pollinose ;  front  grey  pollinose.  Back 
of  head  with  white  hair,  the  cilia  black.  Proboscis  black.  Antennae 
dark  reddish,  third  joint  black,  as  long  as  wide,  oblique  and  gently 
convex  above,  arista  slightly  before  the  tip. 

Thorax  brownish  grey  pollinose;  five  dorso-centrals,  the  posterior 
two  strong,  the  anterior  row  of  small  hairs  conspicuous;  acrosticals 
of  moderate  strength ;  hairs  outside  the  dorso-centrals  not  in  rows, 
fairly  abundant.  Scutellum  with  four  bristles. 

Coxae  and  femora  black,  the  latter  with  yellow  apices ;  tibiae  and 
tarsi  yellow,  the  apices  of  the  front  tarsi  infuscated.  Middle  tibiae 
with  anterior  and  smaller  posterior  bristle  at  basal  fourth;  hind 
femora  with  two  or  three  black  bristles  toward  apex  in  front ;  hair  of 
legs  yellow. 

Wings  cinereous  hyaline;  venation  as  in  furcatus.  Squamae 
and  halteres  yellow,  the  former  yellowish  ciliate. 

Abdomen  black,  with  green  reflections,  thinly  grey  pollinose ;  pale 
haired.  Genitalia  black,  small,  the  short  appendages  reddish. 

Holotype:  cT,  Nassau,  N.  Y.,  April  29,  1911,  in  New  York  State 
Museum,  Albany. 

This  insect  was  reared  under  the  same  conditions  and  in  association 
with  M.  venatus. 

Medeterus  vanduzeei  n.  sp. 

In  Van  Duzee’s  key  traces  out  to  oregonensis  but  the  face  is 
bronze  green,  not  blue,  halteres  reddish,  etc.  From  m  a  u  r  u  s  it 
differs  in  the  pale  middle  tibiae  and  the  ultimate  section  of  the  fifth 
vein  being  equally  as  long  as  the  cross  vein. 

Length,  3.5  mm.  Male.  Face  bronze-green,  the  sides  and  sutural 
fascia  ochre-brown  pollinose;  front  black,  brown  pollinose.  Back 
of  head  with  unusually  long  yellow  hairs,  the  cilia  black  above. 

Palpi  shining  black.  Antennae  red;  third  joint  black,  broader 
than  long,  notched  for  the  reception  of  the  slender,  black  arista  which 
is  practically  bare. 

Thorax  greyish  pollinose,  the  mesonotum  more  brownish,  indis¬ 
tinctly  brownish  vittate.  Seven  dorso-centrals,  the  three-presutural 
pair  rather  short  and  preceded  by  three  or  four  short  hairs ;  acrostical 
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bristles  extending  to  the  second  posterior  dorso-centrals,  moderately 
strong.  Bristly  hairs  outside  the  dorso-centrals  not  in  rows,  fairly 
numerous.  Propleural  bristles,  three,  black.  Scutellum  with  four 
bristles. 

Legs  shining  black,  wholly  clothed  with  black  hair,  which  is  fairly 
conspicuous,  no  bristles  on  hind  femora;  middle  tibiae  with  two  small 
bristles ;  basal  joint  of  hind  tarsi  two-thirds  as  long  as  second. 

Wings  hyaline  with  slight  infuscation;  venation  as  inoregon- 
e  n  s  i  s  except  for  lengths  of  cross  vein  and  last  section  of  fifth  vein. 
Squamae  yellow,  with  brown  border  and  dark  yellow  fringe.  Hal- 
teres  reddish,  with  slight  browning. 

Abdomen  and  genitalia  deep  shining  black,  with  black  hair ;  genital 
appendages  black;  much  as  in  oregonensis  but  the  hair  much 
shorter. 

Holotype:  Aylmer,  Que.,  July  31,  1924  (Curran);  No.  1326 

in  the  Canadian  National  Collection,  Ottawa. 
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abietana,  Olethreutes,  167 
Achaea  melicerta,  72 
Acrididae,  83 

acutus,  Ceratophyllus,  35 
Adkin,  Robert,  cited,  125 
Aedes  calopus,  29 
dorsalis,  67 
sollicitans,  30,  111 
Aeschna  bonariensis,  115 
constricta,  120 
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Occident,  no 
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Aphenogaster  treatae  subsp.  wheeleri, 
no 

Aphididae,  83 
Aphids,  64,  69,  89,  91 
Aphis  rumicis,  69 
Apocynum  venetum,  100 
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Apple  tent  caterpillar,  146 
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Apterygota,  85 
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argillacea,  Alabama,  61,  92 
Argyresthia  freyella,  168 
Army  cutworm,  96 
Arrow,  G.  J.,  cited,  144 
Ascogaster  provancheri,  168 
Aserica  castanea,  142-44 
Asiatic  beetle,  139-42 
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atalanta,  Vanessa,  104 
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atlas,  Attacus,  72 
Atlas  moth,  72 
Attacus  atlas,  72 
Aucheromyia  luteola,  22 
augur,  Anastellorhina,  in 
aurantiaria,  Hybernia,  85 
auricular ia,  Forficula,  176 
Austen,  E.,  cited,  55 
Autographa  oxygramma,  96 
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auxiliaris,  Chorizagrotis,  96 
azurea,  Protocalliphora,  22 
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bachmanni,  Libythea,  107 
Bacillus  diphtheriae,  9 
tuberculosis,  9 
typhosus,  9 
Back-swimmers,  11 
Bacot,  A.,  cited,  55 
Bacterium  anthracis,  9 
Ball,  S.  C.,  cited,  125 
Ballooning  spiders,  69 
Banchidae,  180 
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Bark  beetles,  112 
Barnett,  J.  F.,  cited,  55 
Bartholomew,  J.  G.,  cited,  125 
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bat,  152 
Indian,  50 
tropical,  42 

Bedbug  hunter,  masked,  43 
Bees,  67,  79,  177,  178 
honey,  67 
leaf  cutter,  197 
solitary  bees  in  lawns,  172 
solitary  or  digger,  196 
stinging,  10 

Beetleaf  hopper,  81,  114 
Beetles,  69 
Asiatic,  139-42 
bark,  112 
elm  leaf,  157 
ground,  74 
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lady,  69,  79,  1 12 
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Mexican  bean,  91,  112 
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strawberry,  151 
Bembecidae,  195 
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Bibliography,  dispersal  of  insects  by 
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injurious  insects,  176 
insects  and  health,  55-57 
Japanese  beetles,  139,  142,  144 
Medeterus,  204 
bicolor,  Oxyporus,  79 
Birch  leaf  miner,  no 
Birch  leaf  skeletonizer,  162 


Bishopp,  F.  C.,  cited,  55 
Black  flies,  19,  25 
Black  widow,  11 
Black  witch,  95 
blackburni,  Nesogonia,  117 
Blattella  germanica,  123 
Blattoidea,  83 
Blowflies,  18,  19,  20,  24,  78 
queen,  19 

Blue  page  moth,  62,  95 
Body  parasites,  41-48 
Boletobius  dimidiatus,  79 
Bombycids,  69 
bonariensis,  Aeschna,  115 
Borner,  L.,  cited,  125 
Bothriomyrmex  dimmocki,  no 
Bottle  flies,  18,  20,  155 
blue,  19,  155 
green,  19,  24 
bovis,  Hypoderma,  23 
Braconidae,  177,  180 
Bradley,  G.  H.,  cited,  56 
brassicae,  Pieris,  86 
Britton,  W.  E.,  cited,  125,  142,  176 
Brown-tail  moth,  n 
brucei,  Trypanosoma,  49 
Bucculatrix  canadensisella,  162 
Buckwheat  fly,  17 
Buffalo  gnats,  25,  89 
Bugs,  poisonous,  10 
Bumblebees,  10 

Butterflies,  60,  64,  69,  70,  71,  72,  73, 
74,  75,  77,  79,  86,  87.  92,  101,  107 
cabbage,  70,  72 

monarch,  66,  71,  98-104,  108,  125 

painted  beauty,  104 

painted  lady,  104,  105 

red  admiral,  104 

snout,  107 

swallow-tail,  107 

thistle,  105 

Cabbage  bug,  112 
cadaver ina,  Cynomyia,  19 
Caddis  flies,  90 
caesar,  Lucilia,  19,  24 
Caffrey,  D.  J.,  cited,  125 
Calaphis  betulaecolens,  90 
calcitrans,  Stomoxys,  17 
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Callimomidae,  191 
Calliphora  erythrocephala,  19,  24 
vomitoria,  24 
Callirhytis  clarkei,  170 
calopus,  Aedes,  29 
Camnula  pellucida,  70 
canaden§isella,  Bucculatrix,  162 
canicula  Fannia,  25 
Homalomyia,  16 
caninum,  Dipylidium,  38 
canis,  Ctenocephalus,  35,  38 
Canker  worms,  150 
capitis,  Pediculus,  46 
Capitoniidae,  182 
Carabidae,  74 
cardui,  Pyrameis,  87 
Vanessa,  104,  105 
carnaria,  Sarcophaga,  20,  24,  155 
Carolina,  Tramea,  119 
casei,  Piophila,  20,  22,  25 
castanea,  Aserica,  142-44 
Caterpillars,  71 
io,  11 

nettling,  1 1 
saddle-back,  1 1 
Catopsilia  statira,  108 
Cephenomyia  phobifer,  70 
Ceraphronidae,  192 
Ceratophyllus  acutus,  35 
anisus,  35 
fasciatus,  34,  36,  38 
gallinae,  38 
Cerceridae,  196 
Chalcididae,  192 
chalyctes,  Plusia,  71 
Chandler,  A.  C.,  cited,  55 
Cheese  fly,  20 
Cheese  skipper,  22,  25 
cheopis,  Xenopsylla,  34,  36,  38 
Chief  Signal  Offi  ir,  cited,  125 
Chiggers,  40,  51 
Chigoes,  40 

Chironomus  halteralis,  90 
modestus,  90 
Chloridea  obsoleta,  95 
Choke  cherry  midge,  169 
cholerae,  Spirillum,  9 
Cholomyia  inaequipes,  in 
Chorizagrotis  auxiliaris,  96 


Chrysididae,  192 
chrysippus,  Danaida,  100 
Chrysomyia  albiceps,  in 
chrysorrhoea,  Euproctis,  n 
Chrysotus,  68 
Cimex  lectularius,  41,  43 
pilosellus,  152 
rotundatus,  42,  43,  50 
Clark,  Austin,  cited,  125 
Clarke,  William  E.,  cited,  125 
clarkei,  Callirhytis,  170 
Cluster  fly,  16 
Coccidae,  83 

Coccinella  novemnotata,  81 
transversoguatata,  113 
Coccinellidae,  69,  74 
Cochliomyia  macellaria,  19,  24 
Cockroaches,  47,  123,  175 
American,  47 
in  city  dumps,  175 
Coelaenomenodera  elaeidis,  113 
Coleman,  L.  V.,  cited,  129 
Coleoptera,  85,  in 
Collenette,  C.  L.,  cited,  125 
Colorado  potato  beetle,  69,  81,  91, 
in 

comstocki,  Pseudococcus,  161 
Congo  floor  maggot,  22 
Conorhinus  megistus,  43 
consors,  Enochrus,  79 
constricta,  Aeschna,  120 
Contarinia  pyrivora,  1 50 
virginianiae,  169 
convergens,  Hippodamia,  81 
Cook,  F.  C,  cited,  55 
Cookson,  H.  A.,  cited,  57 
Cooper,  W.  F„,  cited,  57 
Cootie,  44 

Cordylobia  anthropophaga,  23 
Corn  borer,  European,  76,  108,  151 
Corn  ear  worm  moth,  95 
coronus,  Andricus,  169 
corporis,  Pediculus,  43 
corrupta,  Epilachna,  112 
Cort,  W.  W.,  cited,  56 
Corythuca  marmorata,  160 
ulmi,  160 

Cotterell,  G.  S.,  cited,  125 
Cotton  moth,  61,  92,  101 
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Crab  spiders,  n 
crabo,  Vespa,  159 
Cragg,  F.  W.,  cited,  57 
crassivenis,  Medeterus,  199 
Crickets,  74 
crispata,  Lagoa,  11 
Croton  bugs,  123,  175 
Ctenocephalus  canis,  35,  38 
felis,  35 

Culex  fatigans,  29 
pipiens,  29 
Culicoides,  22 

Curran,  C.  H.,  New  eastern  species 
of  Medeterus,  199-204 
Cutworm,  army,  96 
western,  96 

Cynomyia  cadaver ina,  19 

Dammerman,  K.  W.,  cited,  126 
Damsel  fly,  78 
Danaida,  83 
chrysippus,  100 

Danaus  archippus,  98-104,  108 
daplicide,  Pieris,  107 
Darwin,  Charles,  cited,  126 
Dasyneura  rhois,  169 
decemlineata,  Leptinotarsa,  81,  91, 
hi 

Deer  bot  fly,  70 
Deer  flies,  22 
defoliaria,  Hybernia,  85 
DeLong,  D.  M.,  cited,  126 
Dermacentor  occidentalis,  54 
venustus,  53 
Dermatobia  hominis,  22 
Dermatophilus  penetrans,  40 
destructor,  Phytophaga,  89,  in 
dichlocerus,  Rhodites,  170 
Dickson,  W.  E.  Carnegie,  cited,  55 
Dilachnus  piceae,  80 
dimidiatus,  Boletobius,  79 
dimmocki,  Bothriomyrmex,  no 
diphtheriae,  Bacillus,  9 
Diprion  simile,  161 
Diptera,  85,  in 
new  eastern  species,  199-204 
Dipylidium  caninum,  38 
dispar,  Porthetria,  62 
Doane,  R.  W.,  cited,  55 


Dog  tape  worm,  38 
Dolichopodidae,  new  eastern  species, 
199-204 

domestica,  Musca,  12,  25 
Donaldson,  Henry  H.,  cited,  55 
dorsalis,  Aedes,  67 
Oxyethira,  90 
DorydLlla  floridana,  113 
Dove,  W.  E.,  cited,  57 
Dragon  flies,  64,  66,  69,  70,  72,  74,  75, 
76,  78,  87,  88,  1 14-21,  125 
Drone  fly,  20 
Drosophila  amoena,  21 
melanogaster,  21 
Dry,  F.  W.,  cited,  55 
Dunn,  L.  H.,  cited,  55 
Dyar,  H.  G.,  cited,  56 

Earwig,  European,  176 
Ectobia  germanica,  175 
elaeidis,  Coelaenomenodera,  113 
Elasmidae,  191 
Elm  lace-bug,  160 
Elm  leaf  miner,  no 
Elm  tree  beetle,  157 
Elton,  C.  S.,  cited,  126 
Ennomos  alniaria,  77 
angularia,  85 
subsignarius,  86,  94 
Enochrus  consors,  79 
Entamoeba  histolytica,  9 
Entedontidae,  191 
Entomobrya  sp.,  156 
Epilachna  corrupta,  112 
Epinotia  nanana,  168 
Epyris  sp.,  10 

Erannis  tiliaria,  86,  94,  147-50 
Erebus  odora,  95 
erichsonii,  Nematus,  no 
Eriophyes  pauropas,  84 
Eristalis,  20,  25 
Eros  sculptilis,  79 
erosa,  Anomis,  96 
erythrocephala,  Calliphora,  19,  24 
Euceridae,  195 
Eugonia  j  album,  101 
Eumenidae,  193 
Eumerus  strigatus,  174 
Eupelmidae,  191 
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Euproctis  chrysorrhoea,  n 
Euremma,  euterpe,  108 
Eurytomidae,  191 
euterpe,  Euremma,  108 
Eutettix  tenella,  81,  114 
Euvanessa  antiopa,  72 
Evaniidae,  182 
Evans,  Vliven  M.,  cited,  57 
Evergestis  straminalis,  77 
Ewing,  H.  E.,  cited,  56 

falciparum,  Plasmodium,  9 
Fannia  canicularis,  25 
scalaris,  16,  25 
Fantham,  H.  B.,  cited,  56 
farinae,  Tyroglyphus,  53 
fasciatus,  Ceratophyllus,  34,  36,  38 
Nemobius,  74 
fatigans,  Culex,  29 
felis,  Ctenocephalus,  35 
Felt,  E.  P.,  cited,  56,  155,  176 
Fenusa  pumila,  no,  162 
Fernald,  H.  T.,  cited,  126 
Filaria  bancrofti,  10 
loa,  10 
nocturna,  29 

fimetaria,  Folsomia,  156 
Flannel  moth,  n 
flavescens,  Pantala,  70,  118 
Fleas,  34-40,  73;  habits,  37;  control, 

39 

bird  or  chicken,  38 

cat,  35 

dog,  35,  38 

European  mouse,  35 

European  rat,  34,  35,  36,  37,  38 

human,  35,  38 

Indian  rat,  34,  35,  36,  37,  38 
rat,  35 
sand,  40,  51 
squirrel,  35 

Flesh  flies,  19,  20,  24,  25 
attacking  man,  154 
Fletcher,  Robert  K.,  cited,  126 
Fletcher,  T.  Bainbrigge,  cited,  126 
Flies,  9,  16,  69,  in 
black,  19,  25 
blow,  18 
bottle,  18 


Flies  (Continued): 
buckwheat,  17 
caddis,  90 
cheese,  20 
cluster,  16 
damsel,  78 
deer,  22 
drone,  20 

flesh,  19,  20,  24,  25 

flesh  fly  attacking  man,  154 

fruit,  21 

Hessian,  in 

horse,  22 

house,  see  House  flies 

latrine,  16 

moth,  22 

pomace,  21 

screw  worm,  19,  24 

stable,  18 

tumbu,  23 

warble,  23 

floridana,  Dorydiella,  113 
Flower  fly,  80 
Fly  maggots,  22 
Folsom,  J.  W.,  cited,  176 
Folsomia  fimetaria,  156 
Forbes,  Henry  O.,  cited,  126 
Forbes,  W.  T.  M.,  cited,  176 
Forest  insects,  161 
Forficula  auricularia,  176 
Formica  neoclara,  no 
Fox,  Carroll,  cited,  56 
freyella,  Argyresthia,  168 
Friend,  R.  B.,  cited,  176 
frugiperda,  Laphygma,  96 
Fruit  flies,  21 
Fruit  tree  insects,  150-52 
fumiferana,  Harmologa,  97 
furcatus,  Medeterus,  200 

Galerucella  xanthomelaena,  157 
Gall  insects,  169 
Gall  midges,  84 
Gall  mites,  84 
gallinae,  Ceratophyllus,  38 
gambiense,  Trypanosoma,  49 
gamma,  Plusia,  77,  85,  94 
Garman,  P.,  cited,  142 
gemmatilis,  Anticarsia,  96 
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germanica,  Blattella,  123 
Ectobia,  175 
Gipsy  moth,  62 
Glossina  sp.,  49 
morsitans,  49 
palpal  is,  49 
Glowflies,  78 
Gnats,  74,  78,  90 
buffalo,  25,  89 

Graham-Smith,  G.  S.,  cited,  56 
graminum,  Toxoptera,  90 
grandis,  Anthonomus,  112 
Grasshoppers,  65,  67,  70,  74,  12 1 
Gray  back,  44 
Green  bug,  90 
griseus,  Limnophilus,  77 
Grote,  A.  R.,  cited,  126 
Ground  beetles,  74 
Gryllidae,  83 
Gryllotalpidae,  83 
Gurney,  W.  B.,  cited,  126 
Gyrllacridae,  83 

Hadley,  C.  H.,  cited,  139 
haemorrhoidalis,  Heliothrips,  174 
Sarcophaga,  20,  155 
Halictidae,  196 
Halictus  virescens,  172 
Hall,  M.  C.,  cited,  56 
halteralis,  Chironomus,  90 
Harlequin  cabbage  bug,  112 
Harmologa  fumiferana,  97 
Hartzell,  Albert,  cited,  144 
Harvest  mites,  51 
Hawaiian  insect  fauna,  86 
Hayward,  Kenneth  J.,  cited,  126 
Hegner,  R.  W.,  cited,  56 
helichrysi,  Anuraphis,  69 
Heliothrips  haemorrhoidalis,  174 
indicus,  89 
Helophilus,  25 
trivittatus,  77 

Hemerophila  pariana,  97,  145-47 
Hemiptera,  74,  113 
Herbertson,  A.  J.,  cited,  125 
Herms,  W.  B.,  cited,  56 
Hessian  fly,  89,  in 
Heterostomus  pulicarius,  151 
Hindle,  E.,  cited,  56 


Hingston,  R.  W.  G.,  cited,  126 
Hippodamia  convergens,  81 
Hispid  leaf-miner,  113 
histolytica,  Entamoeba,  9 
histrionica,  Murgantia,  112 
Holly  leaf  miner,  173 
Homalomyia  canicularis,  16 
hominis,  Dermatobia,  22 
Honeybees,  10,  67,  70 
Hoplopsyllus  anomalus,  35 
Hornets,  10 
European,  159 
Horseflies,  22 

House  flies,  9,  12,  23,  25,  70,  73,  78 
biting,  17 
lesser,  25 
little,  16 

Howard,  L.  O.,  cited,  56,  126 
Hudson,  G.  V.,  cited,  126 
Hudson,  W.  H.,  cited,  126 
Humboldt,  Alexander  Von,  cited,  126 
huntera,  Pyrameis,  87 
Vanessa,  104,  105 
Hurd,  Willis  E.,  cited,  126 
Hybernia  aurantiaria,  85 
defoliaria,  85 
Hylaeidae,  197 
Hylobius  pales,  in,  1 66 
Hymenoptera,  85,  no,  177-97 
H3'poderma  bovis,  23 
lineata,  23 

Ibalidae,  191 

Ichneumonidae,  182-91 
Ichneumonoidea,  177 
ilicis,  Phytomyza,  173 
inaequipes,  Cholomyia,  hi 
incerta,  Oecetina,  90 
Inch  worm,  ten-lined,  147-50 
inconsequens,  Taeniothrips,  89 
indicus,  Heliothrips,  89 
io,  Automeris,  n 

Iphiclides  ajax  var.  telamonides,  107 

irritans,  Pulex,  35,  38 

Isoptera,  85 

Isotoma  viridis,  156 

Itonididae,  74 

j-album,  Eugonia,  101 
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Japanese  beetles,  131-44 
Japanese  mealy  bug,  161 
Japanese  serica,  1 42-44 
japonica,  Popillia,  13 1 
Johannsen,  O.  A.,  cited,  57,  176 
Johnson,  J.  P.,  cited,  139 
Johnston,  H.  B.,  cited,  127 
Jones,  I  Wood,  cited,  127 
Julus  sp.,'  25,  156 
June  beetles,  81 

junius,  Anax,  115,  1 17,  1 18,  120 

Kaliofenusa  ulmi,  no 
Keilin,  cited,  176 
Kellogg,  V.  L.,  cited,  127 
King,  W.  V.,  cited,  56 
Kirby- Smith,  J.  L.,  cited,  57 
Kissing-bug,  10,  43 
Knab,  F.,  cited,  56 
Krakatoa  and  other  islands,  data 
from,  82,  83 

Laake,  E.  W.,  cited,  55 
labruscae,  Argeus,  96 
Lace-bug,  elm,  160 
Lace-wing,  78 
lacerata,  Tramea,  118,  120 
Lady  beetles,  69,  79,  112 
fifteen-spotted,  171 
Lagoa  crispata,  11 
lahorhensis,  Ornithodorus,  55 
Laphygma  frugiperda,  96 
Larch  sawfly,  no 
Latrine  fly,  16,  25 
Latrodectus  mactans,  n 
Leach,  B.  R.,  cited,  139 
Leaf  miner,  holly,  173 
spruce,  167 

lectularius,  Cimex,  41,  43 
Leishmanias,  9 
Leishmaniasis,  50 
Leman,  G.  C,  cited,  127 
Leonard,  M.  D.,  cited,  144 
Lepidoptera,  85 
LePrince,  J.  A.,  cited,  57 
Leptinotarsa  decemlineata,  81,  91,  in 
Leptopsylla  musculi,  35 
Leucospidae,  192 
Libellula  pulchella,  119,  120 
quadrimaculata,  76 


Libythea  bachmanni,  107 
Lighthouse  and  lightship  data,  76-78 
Lime-tree  winter  moth,  94,  147-50 
Limnophilus  affinis,  77 
griseus,  77 

Linden  moth,  snow-white,  94 
lineata,  Hypoderma,  23 
loa,  Filaria,  10 
Loa  worm,  10 
Locustidae,  83 
Locusts,  65,  73,  121 
longicornis,  Paratrechina,  171 
Longitarsus  turbatus,  79 
Louse,  body,  43 
crab,  47 
head,  46 
plant,  89 

sugar  beet  root,  90 
Lucilia  caesar,  19,  24 
sericata,  19 

Lugger,  Otto,  cited,  127 
luteola,  Aucheromyia,  22 
Lutz,  F.  E.,  cited,  127 
Lyctus  spp.,  169 

McAtee,  W.  L.,  cited,  127 
macellaria,  Cochliomyia,  19,  24 
McGregor,  E.  A.,  cited,  127 
McLachlan,  Robert,  cited,  127 
Macropidae,  197 
mactans,  Latrodectus,  n 
maculipennis,  Anopheles,  27 
Maggot,  Congo  floor,  22 
blood  sucking,  22 
dermal  or  skin,  22 
fly,  22 

in  wounds  and  body  cavities,  24 
in  the  digestive  tract,  24 
rat-tailed,  25 

magnifica,  Wohlfartia,  20,  154 
Malacosoma  americana,  146 
malariae,  Plasmodium,  9 
Mansonia  perturbans,  30 
Mantoidea,  83 
marmorata,  Corythuca,  160 
Maxon,  Asa  C,  cited,  127 
May  flies,  73 

Mealy  bug,  Japanese,  161 
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Medeterus,  new  eastern  species 
(Curran),  199-204 
crassivenis,  199 
furcatus,  200 
simplicipes,  202 
vanduzeei,  203 
venatus,  201 
Megachilidae,  197 
megistus,  Conorhinus,  43 
melanogaster,  Drosophila,  21 
Melanoplus,  74 
atlanis,  67 
spretus,  12 1 
melicerta,  Achaea,  72 
Meterological  data,  60 
Methocidae,  193 
Mexican  bean  beetle,  91,  112 
Midges,  69,  90,  150 
choke  cherry,  169 
migrans,  Agamonematodum,  23 
Migration  and  dispersal  of  insects, 
references,  97 
Miller,  A.  E.,  cited,  57 
Millipeds,  Julus  sp.,  25 
Mite  rashes,  51 
Mites  as  endoparasites,  53 
modestus,  Chironomus,  90 
monacha,  Psilura,  85 
morsitans,  Glossina,  49 
Mosquito  control,  6,  30-34 
Mosquitoes,  26-34,  66,  67,  69,  73,  78 
day,  29 

house  or  rain-barrel,  29 
irritating,  30 
malarial,  27 
salt  marsh,  30,  111 
yellow  fever,  29 

Moths,  64,  66,  69,  71,  73,  74,  76,  79, 
92,  94 

apple  and  thorn  skeletonizer,  97, 
145-47 
atlas,  72 

blue  page,  62,  95 
brown-tail,  11 
corn  ear  worm,  95 
cotton,  61,  92,  1 01 
flannel,  11 
Geometrid,  69 
gipsy,  62 


Moths  ( Continued ): 

lime-tree  winter,  94,  147-50 
Noctuid,  71,  72,  73,  95 
plume,  69 

snow  white  linden,  94 
Sphingid,  70 
Tineid,  73 
Moth  fly,  22 

moubata,  Ornithodorus,  54 
Mountain  and  glacier  data,  78-80 
Mourning-cloak,  72 
Muir,  F.,  cited,  127 
Muller,  Albert,  cited,  127 
Mundt,  A.  H.,  cited,  127 
Murgantia  histrionica,  112 
Musca  domestica,  12,  25 
Muscina  stabulans,  18,  25 
musculi,  Leptopsylla,  35 
Mycetophilidae,  74 
Myiasis,  22 

nanana,  Epinotia,  168 
napi,  Pieris,  107 
Needham,  James  G.,  cited,  127 
Nematus  erichsonii,  no 
Nemobius  fasciatus,  74 
neoclara,  Formica,  no 
Neopollenia  stygia,  in 
Nephrophages  sanguinarius,  53 
Nesogonia  blackburni,  117 
Neuroptera,  85 
Newstead,  Robert,  cited,  57 
noctuella,  Nomophila,  87,  95 
nocturna,  Filaria,  29 
Nomada  perplexa,  172 
Nomadidae,  187 
Nomophila  noctuella,  87,  95 
Notonectas,  n 
novemnotata,  Coccinella,  81 
nubilalis,  Pyrausta,  76,  108,  151 
Nuttall,  G.  H.  F.,  cited,  57 

oblongus,  Phyllobius,  158 
obsoleta,  Chloridea,  95 
occidentalis,  Dermacentor,  54 
Pogonomyrmex,  no 
Ocnerostoma  piniariella,  164 
Odonata,  85,  1 14-21 
odora,  Erebus,  95 
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Oecetina  incerta,  90 
Oestrus  ovis,  24 
Olethreutes  abietana,  167 
Onion  fly,  lunate,  174 
Onion  thrips,  89 
orientalis,  Anomala,  139-42 
Peripl  neta,  175 
Ornithoa  rus  lahorhensis,  55 
moubata,  54 
savignyi,  55 
talaje,  55 
tholozani,  55 

Orrienstein,  A.  J.,  cited,  57 
orthogonia,  Porosagrotis,  96 
Orthoptera,  85,  121-23 
Osburn,  R.  C,  cited,  127 
ovis,  Oestrus,  24 
Oxyethira  dorsalis,  90 
oxygramma,  Autographa,  96 
Oxyporus  bicolor,  79 

Painted  beauty,  104 
Painted  lady,  104,  105 
Paleacrita  vernata,  150 
pales,  Hylobius,  in,  166 
Pales  weevil,  in,  166 
pallidulus,  Thamnotettix,  113 
palpalis,  Glossina,  49 
Pantala  flavescens,  70,  118 
Panurgidae,  197 
papatasii,  Phlebotomus,  22 
Paralechia  pinifoliella,  164 
parallela,  Serica,  143 
Paratrechina  longicornis,  171 
pariana,  Hemerophila,  97,  145-47 
Parker,  G.  H.,  cited,  57 
Parman,  D.  C,  cited,  55 
Patton,  W.  S.,  cited,  57 
pauropas,  Eriophyes,  84 
Pear  midge,  150 
Pear  thrips,  89 
Pediculoides  ventricosus,  52 
Pediculus  capitis,  46 
corporis,  43 

Peirson,  H.  B.,  cited,  127 
Pelecinidae,  192 
pellucida,  Camnula,  70 
Pemberton,  C.  E.,  cited,  57 
Pemphigus  betae,  90 


penetrans,  Dermatophilus,  40 
Perilampidae,  192 
Periplaneta  americana,  47 
orientalis,  175 

Perkins,  R.  C.  L.,  cited,  127 
perniciosus,  Aspidiotus,  89 
perplexa,  Nomada,  172 
personatus,  Reduvius,  10,  43 
perturbans,  Mansonia,  30  - 
Phasmoidea,  83 
Phlebotomus,  22 
papatasii,  22 

phobifer,  Cephenotnyia,  70 
Phormia  regina,  19 
Phthirius  pubis,  47 
Phyllobius  oblongus,  158 
Phytomyza  ilicis,  173 
Phytophaga  distructor,  89,  in 
piceae,  Dilachnus,  80 
piceaella,  Recurvaria,  168 
Pierce,  W.  D.,  cited,  57 
Pieris  brassicae,  86 
daplicide,  107 
napi,  107 
rapae,  72,  86 
Pilocrocis  ramentalis,  96 
pilosellus,  Cimex,  152 
Pine  leaf  miner,  164 
Pine-needle  miner,  European,  164 
Pine  weevils,  112 
piniariella,  Ocnerostoma,  164 
pinifoliella,  Paralechia,  164 
Piophila  casei,  20,  22,  25 
Piper,  C.  V.,  cited,  128 
pipiens,  Culex,  29 
Pissodes  approximatus,  166 
Pissodes  strobi,  161,  164 
Plant  lice,  89 

Plasmodium  falciparum,  9 
malariae,  9 
vivax,  9 

Plume  moths,  69 
Phisia  chalyctes,  71 
gamma,  77,  85,  94 
Pogonomyrmex  occidentalis,  no 
Poison  ivy  root  galls,  169 
Poisonous  bugs,  10 
Poisonous  spiders,  n 
Pollenia  rudis,  16 
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Polyporus,  sp.,  174 
Pomace  flies,  21 
pometaria,  Alsophila,  150 
Popillia  japonica,  13 1 
Porosagrotis  orthogonia,  96 
Porthetria  dispar,  62 
Potato  beetle,  69,  81,  91,  in 
Potts,  W.  H.,  cited,  57 
Poulton,  E.  B.,  cited,  128 
Powder-post  beetles,  169 
Protocalliphora  azurea,  22 
provancheri  Ascogaster,  168 
Psammocharidae,  193 
Pseudococcus  comstocki,  161 
Psilura  monacha,  85 
Psychodid,  22 
Psyllidae,  83 
Pteromalidae,  191 
pubis,  Phthirius,  47 
pulchella,  Libellula,  119 
Pulex  irritans,  35,  38 
pulicarius,  Heterostomus,  151 
pumila,  Fenusa,  no,  162 
punctipennis,  Anopheles,  27 
Punkies,  22 

pupureus,  Rhinoestrus,  24 
Pygiopsylla  ahalae,  35 
Pyrameis  cardui,  87 
huntera,  87 

Pyrausta  nubilalis,  76,  108,  151 
pyrivora,  Contarinia,  150 

quadrimaculata,  Libellula,  76 
quinquedecimpunctata,  Anatis,  171 

ramentalis,  Pilocrocis,  96 
rapae,  Pieris,  72,  86 
Recur varia  piceaella,  168 
Red  admiral,  104 
Reduvius  personatus,  10,  43 
regina,  Phormia,  19 
regularis,  Andrena,  172 
Rhinoestrus  pupureus,  24 
Rhodites  dichlocerus,  170 
rhois,  Dasyneura,  169 
Rhynchota,  85 
ribesii,  Syrphus,  80 
Riley,  W.  A.,  cited,  57 
Robertson,  L.  E.,  cited,  57 
robu Stella,  Tetralopha,  163 


Root,  F.  M.,  cited,  56,  128 
Rose  gall,  long,  170 
rotundatus,  Cimex,  42,  43,  50 
rudis,  Pollenia,  16 
rumicis,  Aphis,  69 

San  Jose  scale,  89 
Sand  fleas,  40,  51 
sanguinarius,  Nephrophages,  53 
sanguisuga,  Triatoma,  43 
Sapygidae,  192 
Sarcophaga,  25 
carnaria,  20,  24,  155 
haemorrhoidalis,  20,  155 
Sarcoptes  scabiei,  51 
savignyi,  Ornithodorus,  55 
Sawfly,  European  pine,  161 
larch,  no 

Sawfly  miner,  European  birch,  162 
scabiei,  Sarcoptes,  51 
Scabies,  51 

scalaris,  Fannia,  16,  25 
Scarabacidae,  74 
Scelionidae,  192 
Schistocerca  tartarica,  123 
Schwarz,  E.  A.,  cited,  128 
Sciaridae,  74 
Scoliidae,  192 
Scott,  Hugh,  cited,  128 
Screw  worm  fly,  19,  24 
Scudder,  S.  H.,  cited,  128 
sculptilis,  Eros,  79 
septentrionalis,  Tabanus,  hi 
Serica  parallela,  143 
sericata,  Lucilia,  19 
Serphidae,  192 
Shade  tree  insects,  157 
Shannon,  Howard  J.,  cited,  128 
Sheep  blowflies,  in 
Sheep  bot-fly,  24 
Sibine  stimulea,  n 
simile,  Diprion,  161 
simplicipes,  Medeterus,  202 
Simulium  spp.,  25 
Skertchley,  S.  B.  J.,  128 
sloanei,  Urania,  95 
Smith,  L.  B.,  cited,  139 
Smith,  R.  M.,  cited,  176 
Snout,  butterfly,  107 
Snow,  Laetitia  M.,  cited,  128 
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sollicitans,  Aedes,  30,  in 
South,  Richard,  cited,  128 
Sphecidae,  194 
Sphingids,  69,  70 
Spiders,  ballooning,  69 
spider  crab,  n 
poisonous,  11 
spina,  grotis,  95 
Spirillum  cholerae,  9 
Spirochaetes,  9 
Sporozoa,  9 

spretus,  Melanoplus,  121 
Spring- tails,  156 
Spruce  bud  worm,  97 
Spruce  leaf  miner,  167 
Stable  fly,  18,  25 
stabulans,  Muscina,  18,  25 
Stackman,  E.  C,  cited,  128 
statira,  Catopsilia,  108 
Stephens,  J.  W.  W.,  cited,  56 
stimulea,  Sibine,  n 
Stings,  treatment  for,  12 
Stokes,  J.  H.,  cited,  57 
Stomoxys  calcitrans,  17 
straminalis,  Evergestis,  77 
Strawberry  beetle,  151 
strenuus,  Anax,  117 
strigatus,  Eumerus,  174 
strobi,  Pissodes,  161,  164 
stygia,  Neopollenia,  in 
subsignarius,  Ennomos,  86,  94 
Sugar  beet  root  louse,  90 
Sullivan,  E.  C.,  cited,  56 
Swallow-tail  butterfly,  107 
Swezey,  O.  H.,  cited,  128 
Syrphus  ribesii,  8p 

tabaci,  Thrips,  89 
Tabanidae,  22 
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THE  GEOLOGY  AND  ORIGIN  OF 
THE  SILURIAN  SALT  OF 
NEW  YORK  STATE 

BY 

Harold  L.  Alling 
INTRODUCTION 

It  is  now  many  years  since  Merrill  (1893)  published  his  bulletin 
on  the  Salt  and  Gypsum  Deposits  of  the  State.  During  his  time  the 
salt  industry  was  experiencing  an  unusually  brisk  development  that 
proved  to  have  been  over-extended.  Many  of  the  salt  brine  plants 
that  flourished  at  the  time  of  Merrill’s  investigations  have  long  since 
disappeared  and  nothing  remains  of  these  plants  except  records  of 
their  salt  wells  and  the  remembered  experiences  on  the  part  of  the 
citizens  of  the  towns  in  which  these  plants  were  located.  Now  that 
the  industry  has  become  more  stabilized  and  the  brine  plants  and 
mining  companies  are  operating  under  more  normal  conditions  it  has 
been  considered  desirable  to  put  into  available  form  a  report  covering 
the  geology  of  the  New  York  State  salt  deposits. 

At  one  time  it  was  planned  that  an  extensive  report  should  be 
prepared  giving  the  history  of  the  industry.  The  technology  of  its 
manufacture  and  its  many  uses  were  to  be  dealt  with  in  a  rather 
detailed  manner.  It  has  not  been  possible  to  carry  out  this  plan, 
however.  The  present  bulletin  will  deal  with  the  geological  aspects 
and  not  the  commercial  phases  of  the  subject.  It  is  believed  that  the 
salt  well  records  alone  furnish  a  key  to  many  interesting  features 
that  have  not  as  yet  been  appreciated. 
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THE  DISTRIBUTION  OF  THE  SALT  DEPOSITS 


The  Salina  beds  which  carry  the  salt  extend  as  a  belt  running  east 
and  west  across  the  State.  It  is  12  miles  wide  at  the  Niagara  river 
and  extends  eastward  across  the  central  group  of  counties  south  of 
Oneida  lake  from  which  point  it  gradually  tapers  to  an  end  not  far 
from  Schoharie.  At  the  foot  of  Cayuga  and  Seneca  lakes  this  belt 
is  about  20  miles  wide.  The  Salina  beds  dip  to  the  south  at  an 
average  of  45  feet  to  the  mile.  The  salt  mining  and  salt  brine 
plants  are  located  south  of  this  outcropping  belt.  As  the  salt  is  very 
soluble  it  is  not  itself  exposed  on  the  surface  and  is  reached  only 
through  wells  and  shafts.  The  district  under  which  salt  is  known 
to  exist  comprises  the  eastern  portion  of  Genesee  and  Wyoming 
counties  and  probably  the  whole  of  Livingston  county  and  the 
southern  portion  of  Ontario  county.  It  is  in  these  above-mentioned 
counties  that  the  bulk  of  the  salt  is  produced.  There  are  a  few  wells 
located  in  Yates,  Schuyler,  Cayuga,  Tompkins  and  Onondaga  coun¬ 
ties,  that  penetrate  to  the  salt.  The  most  eastern  well  that  reports 
salt  is  at  Morrisville,  Madison  county.  It  is  believed,  however,  that 
the  salt  continues  south  of  this  district  and  passes  into  Pennsylvania. 
But  the  dip  of  the  rocks  carries  the  salt  many  hundreds  of  feet  below 
sea  level.  This,  and  the  fact  that  the  land  is  higher  in  the  southern 
portion  of  the  State,  makes  it  unprofitable  to  reach  the  salt  either 
by  wells  or  by  shafts. 

The  western  limit  of  the  field  is  difficult  to  define.  The  early 
reports  stated  that  rock  salt  was  not  encountered  in  the  East  Aurora 
well  where  strong  brine  was  obtained.  The  same  condition  is  reported 
from  Eden  Valley  and  Gowanda.  Later  reports,  however,  state  that 
rock  salt  was  found  at  Eden  Valley  and  Gowanda  (Newland,  1914, 
P-  57)- 

The  salt  is  known  to  cross  the  W yoming-Erie  county  border, 
but  it  probably  terminates  somewhere  in  the  interval  between  that 
and  the  eastern  end  of  Lake  Erie.  Many  of  the  gas  wells  in  the 
Buffalo  region  and  along  the  south  shore  of  Lake  Erie  to  Dunkirk 
indicate  that  salt  is  absent  in  that  area.  This  is  also  true  of  Chau¬ 
tauqua  county  (Bishop,  1895,  p.  391).  The  western  limits  of  the 
salt  field  can  be  roughly  indicated  by  a  line  drawn  from  East  Aurora 
to  Patchen  and  to  Boston  Corners  and  then  south  to  a  point  on 
Cattaraugus  creek  on  the  Cattaraugus  county  border  line  about  three 
miles  north  of  Springville.  This  line  may  be  extended  from  East 
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Aurora  northward  to  Batavia,  probably  indicating  the  limits  of  the 
salt  in  this  direction.  In  southeastern  Ohio  there  is  an  area  under 
which  salt  is  known  to  occur  and  it  may  be  that  the  western  limit 
of  the  salt  field  in  New  York  swings  southwestwardly  to  include 
this  area  in  Ohio.  The  absence  of  the  salt  in  northwestern  New 
York  does  not,  however,  imply  the  absence  of  the  Salina  beds,  for 
these  beds  are  known  to  extend  to  the  Niagara  river  where  gypsum 
is  reported  from  wells  at  Buffalo.  It  is  not  known  whether  salt  was 
deposited  in  this  area  and  subsequently  removed  by  solution,  or 
whether  it  was  never  deposited.  I  am  of  the  opinion,  however,  that 
the  latter  interpretation  is  more  likely  to  be  correct.  The  northern 
limits  of  the  New  York  field  appear  to  be  indicated  by  a  line  con¬ 
necting  the  wells  at  Le  Roy  with  those  of  Caledonia.  East  of 
Caledonia  the  boundary  swings  southward  so  as  to  include  only  a 
part  of  the  town  of  Avon  and  probably  very  little  of  the  town  of 
Lima.  In  fact,  no  salt  has  so  far  been  reported  from  any  of  the 
gas  wells  drilled  in  Lima  township.  This  indicates  that  the  solution 
of  the  salt  has  occurred  at  greater  depths  than  is  usual  or  that  the 
salt  never  existed  in  that  neighborhood. 

In  any  case  the  hope  of  securing  usable  salt  from  Erie  county  is 
decidedly  unfavorable.  An  interpretation  that  seems  very  reasonable 
is  that  salt  shales  and  not  rock  salt  have  been  reached  at  these 
localities.  On  the  basis  of  all  the  available  information  we  can 
consider  that  the  salt  wells  are  upon  the  northern  margin  of  the 
basin  located  in  New  York  and  in  northern  Pennsylvania.  We 
probably  shall  never  know  the  full  extent  of  this  basin  as  our  informa¬ 
tion  is  confined  to  the  northern  rim. 

In  Ohio  the  salt  wells  are  located  in  the  neighborhood  of  Cleve¬ 
land.  The  salt  deposits  are  not  limited,  however,  to  this  small  area 
in  Ohio,  for  the  beds  are  found  farther  east  near  Cortland,  Trumbull 
county,  Ohio,  where  148  aggregate  feet  of  salt  are  reported.  This 
would  indicate  that  the  salt  strata  reached  the  eastern  limit  of  Ohio. 

In  view  of  the  doubtful  nature  of  the  records  reporting  salt  in 
Erie  county,  New  York,  it  is  impossible  to  state  with  any  certainty 
whether  or  not  the  salt  deposits  of  Ohio  are  connected  physically 
with  those  of  New  York.  Yet  it  is  well  established  that  the  salt 
in  the  two  states  is  probably  of  the  same  geological  age.  The  writer 
is  inclined  to  the  belief  that  we  are  dealing  with  a  single  basin  (see 
figure  1). 


GEOLOGY  AND  ORIGIN  OF  SILURIAN  SALT  OF  NEW  YORK  STATE  9 


Fig.  i  Map  showing  the  conception  of  two  salt  basins;  the  New  York- 
Pennsylvania-Ohio  basin  and  the  Ontario-Michigan  basin.  This  applies 
only  to  the  Silurian  deposits.  While  there  is  probably  salt  in  the  center 
of  the  Michigan  basin,  the  great  depth  below  the  surface  renders  it  too 
expensive  to  be  utilized.  The  northern  edge  or  rim  of  the  New  York 
basin  has  been  removed  by  erosion.  Data  for  this  map  have  been  secured 
from  Cole,  L.  H.,  The  Salt  Deposits  of  Canada,  Can.  Dep’t  Mines.  Mines 
Br.  1915.  no.  325,  map  facing  page  20,  and  Phalen,  W.  C.,  Salt  Resources 
of  the  United  States.  Bui.  U.  S.  Geol.  Surv.  669,  1919,  plate  1  and  text. 
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In  Michigan  salt  and  brines  are  secured  from  several  horizons. 
The  lower  one,  the  Salina,  carries  salt  and  anhydrite,  while  the 
upper  formations,  the  Marshall  sandstone  of  Mississippian  age  and 
the  Parma  sandstone  of  early  Pennsylvania  age,  carry  brines.  We 
are  here  interested  chiefly  in  the  Salina  of  Michigan  and  its  relation 
to  the  equivalent  beds  in  Ohio,  Ontario  and  New  York.  From  the 
records  of  the  salt  producing  area  in  Michigan  we  can  gather  that 
the  district  in  Michigan  continues  into  Ontario,  Canada.  It  is  known 
that  the  thickness  of  the  Salina  increases  to  the  north,  while  to  the 
south  and  southeastward  the  salt  thins  to  disappearance.  Salt  wells 
drilled  at  Trenton,  Wayne  county,  Michigan,  indicate  the  exact 
southeast  limit  of  the  salt  as  only  one  of  a  number  of  wells  en¬ 
countered  it.  There  is  no  conclusive  ground  for  believing  that  the 
Michigan  salt  continues  into  New  York  and  hence  our  present 
information  would  incline  us  to  believe  that  these  two  areas  are 
separate  basins  (see  figure  i). 

Amount  of  Salt 

The  tonnage  of  the  salt  now  known  to  exist  in  New  York  State 
is  very  great.  I.  P.  Bishop  (1885,  p.  34)  estimated  the  area 
underlain  by  salt  to  be  eleven  hundred  square  miles  in  extent.  Since 
that  time  the  known  area  has  been  greatly  extended ;  hence  Bishop’s 
estimate  is  far  too  low.  Among  the  numerous  difficulties  in  com¬ 
puting  the  tonnage  of  salt  is  the  variability  of  the  thickness  and 
number  of  the  salt  beds  themselves.  From  the  cross  sections  that 
accompany  this  report  we  can  appreciate  the  fact  that  the  number  of 
salt  beds  as  well  as  the  thickness  of  individual  beds  increases  from 
north  to  south.  The  wells  at  Watkins  and  Ithaca  report  seven 
distinct  beds  which  give  an  aggregate  of  four  hundred  to  five  hun¬ 
dred  feet  of  salt.  The  Ithaca  works  of  the  International  Salt  Com¬ 
pany,  as  well  as  the  Cayuga  works  of  the  same  company  at  Ludlow- 
ville,  Tompkins  county,  apparently  utilize  the  uppermost  salt  bed 
and  have  not  penetrated  to  the  beds  that  are  inferred  to  lie  below. 
In  view  of  the  fact  that  there  is  an  excessive  tonnage  of  salt  within 
the  limits  of  the  State  and  that  there  is  an  almost  inexhaustible 
supply  of  the  material,  such  estimates  as  might  be  given  are  of  no 
great  importance,  in  that  they  would  be  at  the  best  mere  guesses 
based  upon  inadequate  data. 
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CORRELATIVE  STRATIGRAPHY 

The  presence  of  natural  saline  springs  early  led  to  the  belief  that 
a  deposit  of  salt  lay  beneath  the  surface  rocks  of  western  and  west 
central  New  York.  East  of  the  Genesee  river  these  springs  follow 
the  belt  of  the  red  Vernon  shales,  whereas  to  the  west  of  that  river 
they  follow  the  red  Medina-Oueenston  formations.  Therefore,  these 
two  different  rocks  were  correlated  by  Eaton  (1824)  under  the  name 
“  Saliferous  ”  rock,  which  he  believed  to  be  of  the  age  of  the  salt¬ 
bearing  Triassic  “  New  Red  Sandstone  ”  of  Europe.  Eaton  and 
later  Conrad  (1837,  P-  183)  recognized  the  presence  of  gypsum  in 
the  gray  shales  next  above  the  red  beds.  To  both  of  these  forma¬ 
tions  Vanuxem  (1839,  p.  249)  and  Hall  (1839,  p.  290)  by  mutual 
consent  applied  the  locality  name  “  Saliferous  group  of  Onondaga.” 
This  was  afterward  shortened  to  “  Onondaga  Salt  Group.” 

The  name  “  Onondaga  ”  being  already  in  use,  however,  for  a  lime¬ 
stone  series,  Dana  in  his  Manual  of  Geology,  First  Edition,  (1863, 
p.  246)  introduced  the  now  current  term  “  Salina  ”  for  the  salt¬ 
bearing  formations  and  the  inclosing  beds.  Clarke  and  Schuchert 
(1899-1900)  proposed  the  term  “  Cayugan  period  or  group”  to 
include  the  Salina  beds,  Rondout  waterlime  and  the  Manlius  lime¬ 
stone.  Nine  years  later  Grabau  (1908,  p.  622;  1909,  p.  209-52)  and 
Chadwick  (1908,  p.  346;  1909,  p.  77)  independently  suggested  ele¬ 
vating  the  Salina  to  group  rank,  Chadwick  restricting  the  term 
“  Cayugan  ”  to  the  higher  beds  which  Grabau  referred  to  his  new 
group,  the  Monroan. 

The  fact  that  the  Salina  could  be  subdivided  was  recognized  by 
the  geologists  of  the  early  New  York  Survey,  who  described  its 
structure  in  some  detail,  and  in  1903  Clarke  proposed  formational 
names  within  the  series,  namely  Pittsford,  Vernon,  Syracuse,  Camillus 
and  Bertie,  the  last  being  a  term  first  used  by  Chapman  in  1864  in 
Ontario  and  revised  by  Schuchert  in  1903. 

Schuchert  (1908,  p.  538-39)  uses  the  term  “Cayugan  Series” 
to  include  the  Salina  group  embracing  all  formations  between 
the  Guelph-Niagara  group  and  the  top  of  the  Manlius  limestone  of 
eastern  New  York.  Williams  (1919,  p.  82)  likewise  uses  the  term 
“  Cayugan  group  ”  to  include  all  the  Silurian  sediments  in  Ontario 
above  the  top  of  the  Guelph  dolomite.  Thus  in  the  Buffalo  region, 
the  formations  included  are,  as  recognized  by  Bassler  (1915,  pi.  3) 
the  Salina  (represented  by  the  Camillus  shale)  the  Bertie  waterlime 
and  the  Akron  dolomite,  the  latter  correlated  with  the  Cobleskill  of 
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eastern  New  York.  In  the  Detroit  river  region  the  Salina  and  the 
Bass  Island  series  are  included  in  the  Cayugan  group.  The  Camillus 
shale  division  of  the  Salina  is  well  marked  in  this  western  region 
and  it  is  probable,  as  will  be  seen  below,  that  the  Bertie  and  Akron 
dolomites  of  the  east  are  to  be  correlated  with  the  Raisin  River  and 
the  Put-in-Bay  dolomites  of  the  Bass  Island  series,  and  consequently, 
contrary  to  former  usage,  this  series  belongs  in  the  Cayugan  group. 

Meanwhile  the  term  “  Monroe  ”  has  been  proposed  for  the  dolo¬ 
mites  and  limestones  of  the  Michigan  district  that  lie  above  the  Salina, 
which  would  thus  include  the  now  recognized  Bass  Island  series, 
the  Sylvania  sandstone  and  the  Detroit  River  series.  Unfortunately, 
however,  Lane  formerly  applied  the  term  “  Monroe  ”  to  all  of  the 
Silurian  rocks  above  the  Niagara,  that  is,  to  the  beds  between  the 
Niagara  and  the  Dundee  limestone.  He  found  it  very  difficult,  how¬ 
ever,  to  draw  the  line  between  the  Salina  and  the  overlying  dolomitic 
limestones.  Lane  recognizes,  however,  the  following  subdivisions  in 
ascending  order :  the  Salina,  the  Bass  Island  series,  the  Sylvania  sand¬ 
stone  and  the  Detroit  River  series.  Later  he  restricted  the  term 
“  Monroe  ”  to  the  beds  above  the  Salina  but  the  difficulty  of  sepa¬ 
rating  the  Salina  from  the  above  rocks  still  remained.  Although  the 
top  of  the  Salina  is  thus  difficult  to  determine,  it  is  made  the  base 
of  a  division  of  the  Monroan,  which  comprises  all  of  the  Silurian 
above  the  Salina  and  which  in  distinction  to  that  formation  exhibits 
marine  or  semimarine  conditions  of  accumulation. 

The  name  “  Monroe  Beds  ”  first  appeared  in  a  geological  column 
prepared  by  Lane  in  a  report  by  Wadsworth  in  1893.  In  that  pub¬ 
lication  these  beds  were  not  defined,  but  two  years  later  Lane  pro¬ 
posed  that  the  term  should  include  all  rocks  between  the  Niagara 
and  the  Dundee  limestones  of  Michigan. 

Darton  (1894)  described  the  “  Monroe  shales”  of  southeastern 
New  York  to  which  he  ascribed  a  Devonian  age.  Thus  there  has 
arisen  uncertainty  whether  the  term  “  Monroe  ”  as  used  in  Michigan 
should  be  employed  in  discussing  equivalent  beds  in  Ohio  and  in  New 
York.  The  question  was  submitted  to  Bailey  Willis,  chairman  of  the 
committee  on  geological  names  of  the  United  State  Geological  Survey. 
It  was  decided  that  the  Monroe  of  southern  Michigan  should  be 
retained  on  the  ground  that  it  was  established  through  usage. 

Lane,  in  proposing  the  term  “  Monroe,”  to  cover  all  the  formations 
between  the  Niagara  and  the  Dundee,  made  it  synonymous  with  the 
Cayugan  of  Clarke  and  Schuchert.  This  nomenclature  seemed  to 
imply  that  the  division  between  the  Salina  and  the  overlying  water- 
limes  was  an  indefinite  one  and  not  at  a  fixed  horizon.  But,  on  the 
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contrary,  the  line  of  demarcation  is  a  very  distinct  one  and  hence 
Grabau  and  Sherzer  (1910,  p.  226)  do  not  include  the  Salina  in  the 
Monroe. 

The  age  of  the  lower  Monroe  or  Bass  Island  series  of  Ontario, 
Michigan  and  Ohio  is  without  much  question  Upper  Silurian  and 
will  be  considered  here  as  Cayugan.  A  controversy  centers  around 
the  age  of  the  upper  Monroe  or  Detroit  River  series.  Apparently 
the  paleontologic  and  stratigraphic  evidence  are  in  conflict.  Williams 
(1919,  p.  19)  lists  the  fossils  of  the  Detroit  River  series  and  shows 
that  they  possess  a  Devonian  aspect.  To  this  Grabau  (1910,  p.  217) 
agrees.  But  this  Devonian  fauna  is  situated  beneath  the  Lucas  which 
Grabau  says  carries  a  Silurian  fauna  and  hence  concludes  that  the 
whole  group  must  be  assigned  to  the  Silurian.  Williams  discusses 
the  fossil  content  and  shows  that  there  is  a  decided  Devonian  aspect 
even  to  the  Lucas  fauna.  He  says,  “  In  view  of  the  presence  of 
unquestioned  Devonian  elements  in  the  Lucas  fauna,  and  of  the 
decidedly  Middle  Devonian  character  of  the  faunas  of  the  other 
upper  Monroe  divisions  which  underlie  the  Lucas,  it  seems  decidedly 
inadvisable  to'  place  this  whole  formation  in  the  Silurian.  .  .  It 
would  seem  much  more  logical  to  consider  the  Detroit  River  series 
or  upper  Monroe  as  of  Devonian  age,  the  Silurian  species  present 
being  regarded  as  holdovers  from  Silurian  time  ”  (Grabau,  1910, 
p.  20). 

Williams  feels  that,  in  as  much  as  the  Monroe  spans  the  Silurian- 
Devonian  boundary  line,  “  the  terms  upper  Monroe  and  lower 
Monroe  are  obviously  no  longer  appropriate,  since  the  so-called 
Monroe  is  now  seen  to  belong  to  different  geological  systems. 
Grabau’s  alternative  names  ‘  Detroit  River  ’  and  ‘  Bass  Island  ’  will 
hence  be  used.”  I  am  inclined,  nevertheless,  to  retain  the  term 
“  lower  Monroe  ”  in  the  correlation  tables,  not  because  I  am  fully 
in  agreement,  but  for  the  express  purpose  of  indicating  the  present 
status  of  the  problem  of  correlation. 

Ulrich  and  Bassler  (1923,  p.  267)  have  realized  that  the  Monroe  is 
not  an  exclusively  Silurian  formation,  but  that  the  original  term 
embraced  Devonian  rocks  as  well.  They  conclude  that  the  Bass 
Island  series  alone  is  Silurian  while  the  Detroit  River  series  is 
Devonian.  Their  table  places  the  Silurian-Devonian  boundary  line 
at  the  base  of  the  Sylvania  sandstone.  This  conclusion  seems  to  have 
been  established  by  Carman  (1924,  p.  250  ;  1927,  p.  481-506)  in  his 
studies  of  the  Monroe  in  Ohio. 

This  discussion  shows  that  the  Monroe  as  employed  by  Grabau 
and  Sherzer  spans  the  division  between  the  Devonian  and  the  Silurian. 
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Thus  our  attention  is  focused  solely  upon  the  lower  Monroe,  as  the 
middle  and  upper  Monroe  formations  are  in  all  probability  Devonian. 

In  attempting  to  correlate  the  Upper  Silurian  or  Cayugan  of  New 
York,  Ohio,  Ontario,  Pennsylvania  and  Maryland  there  is  a  great 
deal  of  difficulty  because  of  the  wide  difference  of  opinion  expressed 
by  various  authors.  I  do  not  entertain  the  hope  that  the  correlation 
table  which  I  have  compiled  (table  6)  will  prove  entirely  satisfactory. 
I  believe  that  a  completely  satisfactory  correlation  is  impossible  at 
the  present  time.  There  are  too  many  unknown  factors. 

The  New  York  Survey  employs  at  the  present  time  the  nomen¬ 
clature  as  set  forth  in  table  1  drawn  up  by  Hartnagel. 
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It  will  be  seen  that  Hartnagel  places  the  Pittsford  shale  at  the  base 
of  the  Salina  continuously  from  western  to  East-Central  New  York. 
I  am  inclined  to  question  whether  the  Pittsford  as  such  is  present  in 
the  Buffalo  region.  Pittsford,  near  Rochester,  is  the  most  western 
locality  for  the  eurypterid  fauna.  In  commenting  upon  the  fact  that 
the  horizon  of  the  Pittsford  which  can  be  designated  “  as  the  horizon 
of  Hughmilleria  socialis,  and  that  of  .  .  .  [the]  higher  shale  as 
that  of  Ccratiocaris  salina ”  Ruedemann  (1921,  p.  4-5)  adds  a 
footnote:  “As  pointed  out  to  me  by  Mr  Hartnagel,  it  is  of  interest 
to  note  that  the  occurrence  of  this  fauna  is  near  the  western  terminus 
of  the  red  Salina  shales.  This  may  explain  the  fact  that  the  develop¬ 
ment  of  the  Vernon  at  Pittsford  is  not  quite  typical  and  also  accounts 
for  the  presence  of  a  higher  intercalation  of  dark  fossiliferous  shale.” 

This  would  seem  to  indicate  that  Hartnagel  entertains  similar  sus¬ 
picions  about  the  presence  of  the  Pittsford  west  of  Rochester. 
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Hartnagel  suggests  that  the  Shawangunk  grit  in  eastern  New 
York,  may  be  of  Pittsford  age.  At  the  time  he  made  this  correlation, 
eurypterid  remains  had  been  found  only  in  Silurian  rocks  and  not 
in  older  formations.  The  discovery  of  Ordovician  eurypterid  faunas 
(Clarke  and  Ruedemann,  1914)  does  not  strengthen  the  force  of  the 
argument  for  age  equivalency.  Ruedemann  says :  “  The  Hughmillerias 
of  the  Pittsford  shale  and  Shawangunk  grit,  not  being  specifically 
identical,  can  therefore  no  longer  be  considered  as  demonstrating  the 
taxonomic  equivalency  of  these  beds.  The  Hughmillerias  [of  these 
formations]  are  clearly  the  last  stragglers  of  a  .  .  .  race  and,  as 
such,  of  less  stratigraphic  significance  than  they  would  be  otherwise  ” 
(Ruedemann,  1921,  p.  5).  There  are  other  suggestions  offered  by 
various  geologists  regarding  the  age  of  the  Shawangunk.  The  fact 
seems  to  be  that  the  exact  age  is  not  known ;  there  is  certainly  no 
agreement  on  this  matter. 

Hartnagel  assumed  the  presence  of  the  Vernon  at  Buffalo.  The 
well  at  Buffalo,  whose  record  Grabau  has  interpreted,  while  not  as 
significant  as  is  desired,  would  cause  us  to  exercise  some  caution  in 
advocating  the  presence  of  the  Vernon  in  western  New  York.  The 
apparent  absence  of  red  shale  in  this  region  would  suggest  that  the 
Vernon  is  not  present.  Williams  (1919)  states  that  the  interval 
between  the  Niagaran  and  the  Bertie  series  is  occupied  by  the 
Camillus  alone.  As  is  pointed  out  in  another  section,  however,  the 
criterion  of  the  red  color  of  the  Vernon  is  probably  not  a  reliable 
one.  In  Ohio  the  salt  beds  are  close  to  the  bottom  of  the  Salina, 
and  while  they  may  have  been  deposited  in  a  separate  basin,  yet  it 
is  quite  possible  that  the  Vernon  was  never  deposited  in  the  Ohio 
and  Michigan  areas.  My  present  feeling  is  that  the  Vernon  does 
come  to  an  end  in  Ohio;  but  whether  it  is  actually  absent  in  the 
Buffalo  region  is  unknown.  It  may  be  present  but  not  recognized, 
because  it  lacks  the  red  color. 

It  will  be  observed  from  table  1  that  Hartnagel  regards  the  Akron 
and  the  Cobleskill  as  identical.  It  is  quite  possible  that  this  is  correct. 
But  in  view  of  the  disagreement  expressed  by  Bassler  (1915),  Ulrich 
(1913,  p.  1 15-17),  Swartz  (1923,  p.  213)  and  Chadwick  (1919, 
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Table  2 


Grabau  and  Sherzer.  Michigan  Geol.  &  Bio.  Surv.  Pub.  2,  Ser.  1,  iqio  p.  234 
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93)  I  have  indicated  in 

table  6  the  possibility  (or  perhaps  the 

probability)  that  the  Cobleskill  and  the  Akron  are  distinct.  If  one  is 
stratigraphically  higher  I  am  inclined  to  follow  Bassler,  Swartz  and 
Chadwick  in  placing  the  Cobleskill  above  the  Akron,  yet  recent  in¬ 
vestigations  by  the  New  York  Survey  may  place  it  equivalent  to  the 
Bertie. 


Table  2  gives  the  correlation  table  proposed  in  1910  by  Grabau.  It 
will  be  noticed  that  it  differs  considerably  from  the  other  tables  here 
introduced.  The  striking  thing  about  the  table  is  that  both  the  Detroit 
River  and  the  Sylvania  sandstone  of  Michigan  and  Ohio  are  regarded 
as  Silurian  and  that  there  is  a  hiatus  between  the  Salina  and  the 
Bertie  in  Western  New  York.  This  places  the  Amherstburg,  Akron 
and  Cobleskill  as  equivalents.  He  says:  “  From  a  comparison  of 
the  Cobleskill  and  Akron  faunas  it  becomes  evident  that  the  two 
faunas  are  very  closely  related.  In  fact,  all  the  most  important 
species  of  the  Akron  fauna  are  typical  also  of  the  Cobleskill.  .  .  . 
If  we  correlate  the  Cobleskill  with  the  Amherstburg  and  accept  the 
correlation  of  the  Cobleskill  and  Bullhead  [Akron]  of  Buffalo,  we 
are  forced  to  the  conclusion  that  a  great  hiatus  exists  between  the 
Bertie  and  the  Saline  of  Western  New  York”  (Grabau,  1910, 
p.  228-29). 
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But  if  we  question  the  Silurian  age  of  the  Amherstburg,  as  Wil¬ 
liams,  Ulrich,  Bassler,  Swartz  and  Carman  do,  and  make  it  Devonian, 
then  the  hiatus  proposed  by  Grabau  must  be  reduced  from  “  a  great 
hiatus  ”  to  a  smaller  stratigraphic  break. 

Grabau  made  the  beds  in  Maryland,  usually  called  “Salina,” 
synchronous  with  a  stratigraphic  break  at  the  base  of  the  lower 
Monroe  or  Bass  Island  series.  He  says :  “  In  Maryland,  the 

lower  Monroe  is  represented  by  shales  and  limestones  commonly 
called  ‘Salina’;  the  true  Salina  being  absent”  (1910,  p.  624). 
In  view  of  the  more  recent  work  of  Ulrich,  Bassler  and  Swartz  who 
reached  the  conclusion  that  the  McKenzie,  Bloomsburg  and  Wills 
Creek  of  Maryland  and  Pennsylvania  are  of  Cayugan  age,  I  dissent 
from  Grabau’s  correlation  table  on  a  number  of  points. 

Grabau  proposed  that  the  Greenfield  limestone  and  the  so-called 
“  Bullhead  ”  waterlime  of  the  Buffalo  region,  that  is  the  Akron,  were 
identical  (1898,  p.  800).  But  two  years  later  (1900  p.  350)  the 
Greenfield  was  correlated  with  the  Manlius  (Cobleskill)  of 
eastern  New  York.  The  latter  is  stated  to  be  7  to  8  feet  thick  and 
to  rest  upon  some  fifty  feet  of  waterlime.  This  is  interpreted 
to  mean  the  Bertie.  Hartnagel  believes  that  the  Akron  and  the 
Cobleskill  are  identical.  Bassler,  however,  would  suggest  that  the 
Cobleskill  was  equivalent  only  to  the  upper  portion  of  the  Akron 
and  equivalent  to  the  Tonoloway  limestone  of  Pennsylvania,  Mary¬ 
land  and  Virginia.  The  Cobleskill,  Rondout  and  Manlius  of  central 
and  west  central  New  York  are  regarded  by  Ulrich  (1913,  p.  1 15-17) 
as  distinct  from  the  formations  of  the  same  names  in  eastern  New 
York.  Ulrich  would  place  the  Cobleskill,  the  Rondout  and  the 
Manlius  of  central  New  York  in  the  Cayugan  and  the  formations  of 
eastern  New  York  as  Helderbergian  (of  Decker  Ferry  age).  Hart¬ 
nagel  (1903)  on  the  other  hand  maintains  that  all  these  formations 
are  Cayugan,  while  the  Cobleskill  (of  eastern  New  York)  is  of 
Decker  Ferry  age.  A  proper  correlation  depends  upon  additional 
field  work  on  the  relation  between  the  Akron,  Cobleskill  and  Manlius 
of  eastern  and  central  New  York.  Until  that  is  done  satisfactory 
agreements  are  impossible. 

Bassler  has  offered  a  still  different  correlation  table  which  is  repro¬ 
duced  in  table  3.  The  Salina  of  New  York,  the  Pittsford,  Vernon, 
Syracuse  and  Camillus  are  made  equivalent  to  the  McKenzie  of 
Pennsylvania  and  Maryland,  and  that  in  turn  to  the  High  Falls  and 
Longwood  shales  of  Eastern  New  York.  The  Bloomsburg  of 
Pennsylvania  is  placed  in  the  hiatus  between  the  Camillus  and  the 
Bertie,  while  Swartz  places  it  lower  down.  The  Wills  Creek  of 
Maryland  is  assigned  to  the  Bertie-Akron  interval.  I  am  inclined  to 
follow  Ulrich  and  Bassler  and  place  the  Wills  Creek  with  the 
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McKenzie  and  together  pigeon-hole  them  with  the  Vernon-Camillus 
series. 

Table  3 


Bossier,  R.  S.  U.  S.  Nat.  Mus.  Bui.  92.  v.  II,  pi  3 
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We  turn  now  to  a  consideration  of  the  classification  offered  by 
the  Maryland  Geological  Survey  (Ulrich  and  Bassler,  1923).  Here 
we  find  the  Salina  of  Maryland  recognized  as  such,  with  the  Pitts- 
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ford,  Vernon  and  Camillus  correlated  with  the  McKenzie,  Blooms- 
burg  and  Wills  Creek,  a  correlation  which  I  prefer  and  which  will 
be  here  employed. 

The  Cobleskill  is  placed  above  the  Bertie  and  correlated  with  the 
Tonoloway  of  Maryland.  Recent  work  of  the  New  York  Survey 
would  suggest  that  the  Cobleskill  is  below  the  Akron  and  thus  perhaps 
assigned  to  the  Bertie  series.  Nothing  can  be  done  further  with  this 
problem  until  the  investigations  now  under  way  at  Albany  are  com¬ 
pleted.  Discussion  of  the  correlation  of  the  High  Falls  shale  in 
eastern  New  York  is  deferred  until  the  correlations  proposed  by  the 
New  Jersey  Survey  are  discussed. 

The  Maryland  correlation  of  the  upper  Cayugan  of  Michigan  with 
that  of  southwestern  Ontario  is  essentially  the  same  as  that  sug¬ 
gested  by  Williams.  The  Maryland  Survey  is  cautious  when  it 
places  the  Greenfield  dolomite  on  the  dividing  line  between  the  upper 
and  lower  Cayugan.  In  Ohio  gypsum  occurs  above  the  Greenfield 
and  may  be  in  the  Tymochtee  formation.  We  can  question,  with 
Hartnagel,  whether  the  Pittsford  and  Vernon  are  present  in  the 
Buffalo  region. 

Williams  gives  us  a  very  reasonable  correlation  between  the  Detroit 
river  and  the  Niagara  river.  The  third  column  in  table  5  is  for 
Western  New  York  as  proposed  by  Williams  assisted  by  Chadwick, 
and  shows  the  individual  members  of  the  Bertie  series  correlated 
with  the  members  of  the  Bass  Island  series. 

Table  5 
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The  Salina  is  represented  by  the  Camillus ;  the  salt  and  gypsum 
being  assigned  to  it.  I  am  much  inclined  to  follow  this  procedure. 
Whether  the  Greenfield  is  a  true  member  of  the  Bass  Island  series 
is  a  matter  of  some  doubt. 

The  Ohio  classification  is  being  revised.  It  is  exceedingly  difficult 
to  obtain  reliable  information  about  the  Salina  of  that  State.  The 
Salina  does  not  outcrop ;  it  is  believed  that  all  our  knowledge 
has  to  be  secured  through  wells.  The  finding  of  gypsum  above 
the  Greenfield  adds  to  the  complexity  of  correlation.  It  is  obvious 
that  much  work  is  necessary  before  satisfactory  comparisons  are 
possible. 

The  New  Jersey  Survey,  I  have  learned  through  the  kindness  of 
Dr  H.  B.  Kiimmel,  would  regard  the  Shawangunk  conglomerate  and 
the  Green  Pond  conglomerate  as  remnants  of  the  same  formation 
and  the  earliest  Silurian  representatives  in  New  Jersey;  possibly 
of  Medina  age.  The  High  Falls  as  such  is  held  to  be  not  a  single 
formation  but  one  of  several  ages.  It  is  only  the  upper  part  together 
with  the  Longwood  that  should  be  correlated  with  the  High  Falls- 
Longwood  of  New  York  and  that  with  the  Salina.  It  is  possible 
that  the  Poxino  Island  shale  and  the  Bossardville  limestone  is  also 
Salina.  The  Bossardville,  however,  may  well  be  of  Akron-Cobleskill- 
Bertie  age  and  included  with  the  Decker  Ferry  as  equivalent  to  the 
Rosendale,  Wilbur  and  Rondout  series. 

If  we  entertain  the  views  offered  by  Ulrich,  Bassler  and  Swartz 
and  the  New  Jersey  Survey  as  at  all  reasonable,  as  I  do,  then  there 
is  a  considerable  area  occupied  by  rocks  of  Salina  age  in  the  east. 
That  is,  there  are  rocks  to  be  correlated  with  the  Salina  of  New 
York,  Michigan,  Southwest  Ontario  and  Ohio  which  carry  salt  and 
gypsum  in  adjacent  districts,  that  are  not  salt  and  gypsum-bearing. 
This  is  important  in  the  discussion  of  the  origin  of  the  rock  salt  and 
gypsum. 

In  table  6  I  have  attempted  to  compile  the  correlation  as  I  see  it 
at  the  present  time.  Here  I  have  made  use  of  ideas  secured  from 
many  sources.  With  all  frankness  I  admit  that  it  is  tentative  and 
subject  to  revision.  I  believe  that  it  enables  us  to  approach  the  sub¬ 
ject  of  the  geology  of  the  salt  deposits  of  New  York  with  a  hope 
of  success  otherwise  impossible. 
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Table  6 
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It  will  be  noted  that  I  am  recognizing  the  “  Pittsford  ”  shale  only 
as  a  local  faunal  phase  of  the  Vernon.  I  have  omitted  the  term 
“  Syracuse  ”  as  applied  to  the  salt  beds  as  stratigraphically  awkward, 
making  the  gypsum  and  salt  directly  associated  and  genetically  con¬ 
nected  with  the  Camillus  type  of  rock.  Furthermore,  I  am  not 
drawing  the  distinction  any  too  sharply  between  the  Vernon  and  the 
Camillus.  The  actual  conditions  prevailing  at  the  line  of  contact  are 
very  uncertain.  I  have  suggested  elsewhere  that  the  plane  of  change 
in  color  from  the  red  Vernon  to  the  gray  mud  rocks  of  the  Camillus 
may  not  be  a  stratigraphic  horizon,  but  that  it  migrates  diagonally 
across  the  series.  I  would  in  a  similar  manner  regard  the  Blooms- 
burg  of  Pennsylvania  only  as  a  member  of  the  McKenzie-Wills 
Creek  group. 

Correlation  of  the  upper  Cayugan,  which  is  equivalent  to  the  term 
“  lower  Monroan, ”  is  patterned  after  Williams  and  Chadwick.  The 
position  of  the  Cobleskill  is  still,  as  far  as  this  paper  is  concerned, 
a  matter  of  doubt.  In  reviewing  these  correlation  tables  I  am  im¬ 
pressed  with  the  value  of  each  and  at  the  same  time  conscious  of 
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the  lack  of  agreement.  Such  tables  are,  it  seems  to  me,  unfortunate 
in  one  sense  in  that  they  convey  a  sense  of  finality  and  permanency 
not  really  intended  by  the  authors  themselves.  We  realize  that 
geologic  history  is  too  complicated  to  be  classified  into  neat  and 
simple  pigeon  holes  under  the  present  prevailing  conditions.  One  of 
the  chief  difficulties  is  the  discordance  of  the  units,  particularly  the 
“  formation  ” ;  due  to  personal  training,  experience  and  individual 
interpretations.  One  geologist  recognizes  extreme  details  and  names 
every  bed  that  can  be  distinguished  by  lithologic  and  faunal  peculiari¬ 
ties.  Another  is  not  meticulous  and  may  give  a  new  formational 
name  to  rocks  which  would  be  referred  to  under  the  name  of  a 
group,  series  or  system. 

This  great  diversity  of  methods  is  a  serious  obstacle  for  coordina¬ 
tion.  One  may  place  a  rock  unit  in  the  geologic  scale  upon  the  sup¬ 
posedly  characteristic  fauna  which  it  contains ;  another  considers  the 
migration  of  faunas  and  may  reach  a  very  different  conclusion  re¬ 
garding  its  age ;  a  third  may  attempt  to  combine  these  two  methods ; 
a  fourth  may  base  his  correlation  on  strictly  lithologic  grounds  with 
but  little  emphasis  upon  the  fossils ;  still  others  employ  the  more 
comprehensive  diastrophie  method.  If  one  area  is  described  and  the 
rocks  there  classified  and  ages  assigned  to  them  by  purely  faunal 
distinctions,  while  in  another  the  lithology  is  emphasized,  attempts 
to  effect  a  satisfactory  correlation  is  well  nigh  impossible.  But  the 
classification  proposed  for  each  of  the  two  areas  may  be  supported 
in  a  very  logical  manner,  which  does  not  help  us  to  establish  a 
systematic  classification  and  correlation  of  geological  formations. 
That  desirable  end  can  only  be  attained  by  an  agreement  upon  the 
method.  The  surprising  thing  is  that  geologists  manage  to  agree 
as  well  as  they  do. 
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STRATIGRAPHIC  LITHOLOGY 

The  Vernon 

Throughout  the  west  central  portion  of  the  State  extends  the 
monotonous  red  shaly  Vernon.  Its  eastern  limit  is  between  the 
meridian  of  Herkimer  and  Saltspringville.  It  thickens  rapidly,  as 
it  progresses  westward,  to  its  great  thickness  of  about  600  feet  at 
Syracuse,  and  then  thins  as  it  leaves  that  locality,  coming  to  an 
apparent  end  between  Batavia  and  Buffalo. 

At  Vernon,  its  type  locality,  it  is  a  purplish-red  crumbly  shale  with 
occasional  grayish-green  layers  and  spots.  The  layers  are  very 
narrow,  rarely  over  an  inch  wide;  the  spots  are  from  10  to  20 
millimeters  in  diameter.  Its  base  is  decidedly  greener,  alternating 
layers  of  bright  emerald  green,  purplish-red  and  mottled  green  and 
red  shales.  The  transitional  zone  is  some  20  to  30  feet  in  thickness. 
At  certain  and  apparently  limited  localities  black  carbonaceous  argil¬ 
laceous  dolomites  appear  which  carry  the  interesting  and  at  the  same 
time  perplexing  eurypterid  fauna  of  which  more  is  said  later  on. 

The  demarcation  of  the  summit  of  the  Vernon  is  a  matter  of  un¬ 
certainty.  The  New  York  Survey  places  the  rock  salt  on  top  of 
the  Vernon.  But  as  will  be  shown  beyond,  the  rock  salt  occurs  in 
several  distinct  layers  or  beds  and  is  interbedded  with  and  more 
closely  associated  with  the  Camillus  type  of  sediment.  So  character¬ 
istic  is  the  red  colorization  of  the  Vernon  that  its  utilization  as  a 
criterion  has  become  established.  As  a  real  criterion,  however,  it 
may  be  well  to  entertain  some  doubt.  The  wells  sunk  along  the 
northern  margin  of  the  salt  area  report,  directly  beneath  the  salt, 
“  red  shale,”  which  is  interpreted  to  mean  the  Vernon.  This  informa¬ 
tion  is  in  conformity  with  the  usage  of  the  New  York  State  Survey. 
The  records  of  the  wells  in  the  central  strip  of  the  field,  however, 
reveal  salt  shale,  brown  shale,  black  shale,  green  shale  and  even 
limestone  beneath  the  salt  beds  before  they  report  red  shale.  The 
wells  of  Watkins  and  Ithaca  report  brown  shale,  limestone  and 
green  shale  and  only  a  little  red  shale.  The  bulk  of  these  beds  may 
be  assigned  to  the  Vernon  even  though  they  lack  the  red  color. 
Because  of  the  lack  of  detailed  study  at  these  great  depths  below 
the  surface  we  reach  the  none  too  satisfactory  conclusion  that,  when 
the  sediments  become  anhydritic  magnesian  lime  mud  rocks  or 
marlites  of  brownish  to  grayish  color  with  veinlets  of  saline  minerals, 
we  pass  from  the  Vernon  into  the  Camillus  phase  of  sediments. 
This  is  a  lithologic  stratigraphic  correlation,  forced  upon  us  by  a 
lack  of  paleontological  material. 
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The  Salt  and  Salt  Shales 

The  crude  rock  salt,  as  mined,  is  grayish  white  in  color,  composed 
of  96  to  98  per  cent  sodium  chloride  in  coarse  well-crystallized 
grains.  The  remainder  of  the  rock  is  composed  of  “  shale  ”  and 
“  waterlime  ”  substances:  grains  of  anhydrite  (not  gypsum), 
sylvanite  (potassium  chloride),  polyhalite  (H2Mg(S04)2.6H20) , 
carnallite  (KMgCl3.6H20),  pyrite,  carbonaceous  matter  with  traces 
of  quartz,  feldspar,  hornblende,  leucoxene,  etc.  The  shale  and  water- 
lime  masses  are  composed  of  magnesian  bearing  calcite,  dolomite, 
quartz,  weathered  feldspar,  colloidal  iron  and  aluminum  hydroxides, 
sericite,  paragonite,  chlorite,  leucoxene,  pyrite,  hornblende,  pyroxene 
and  indefinite  flaky  minerals. 

Shale  and  waterlime  masses  included  in  halite  frequently  appear 
corroded,  giving  rise  to  concave  surfaces  and  “  dreikanter  ”  shapes. 
These  masses  vary  in  size  from  10  mm  to  .004  mm.  No  rock  salt, 
no  matter  how  pure,  except  the  recrystallized  veins  cutting  the 
minable  salt,  are  entirely  free  from  such  matters.  These  particles 
are  frequently  connected  by  rods  and  branching  needles  of  car¬ 
bonaceous  matter.  Above  and  below  the  mine  horizon  the  rock  con¬ 
tains  more  shale,  waterlime  and  anhydrite,  passing  into  anhydritic, 
magnesian  lime-mud  rocks  with  irregular  masses  and  veins  of  halite. 
It  is  in  these  beds,  associated  with  and  interbedded  with  the  rock 
salt,  that  the  rarer  saline  minerals  such  as  sylvanite,  carnallite,  poly¬ 
halite,  calcium  chloride  etc.  are  especially  situated.  These  beds  vary 
in  color  from  blue  gray,  through  buff,  to  a  yellow  brown.  Some 
are  massive  like  ordinary  limestones,  while  others  are  fragile  shales. 
Our  nomenclature  of  sediments  utterly  fails  in  attempts  to  describe 
them.  They  possess  in  an  indistinct  manner  a  shaly  structure,  but 
in  composition  they  are  magnesian-lime-rich  substances.  Their  fine 
grain  and  colloidal  iron  and  aluminum  hydroxides  apparently  are 
responsible  for  their  shaly  structure.  Sericite,  chlorite,  epidote  and 
other  flaky  and  micaceous  minerals  materially  contribute  to  their 
make-up.  Quartz  and  weathered  feldspars  rarely  fail. 

The  Camillus 

The  New  York  State  Survey  refers  to  the  bed  situated  between 
the  rock  salt  and  the  base  of  the  Bertie  series  as  the  “  Camillus  shale.” 
In  a  general  stratigraphic  sense  the  term  “  shale  ”  is  satisfactory. 
But  in  dealing  with  it  in  detail,  a  necessity  in  this  investigation,  we 
find  that  it  is  not  a  “  shale  ”  in  the  sense  that  we  apply  the  term  to 
the  Hamilton  series.  At  the  type  locality,  Camillus,  it  is  a  fine- 
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grained,  massive,  ashen  gray  magnesian-lime  mud  rock  with  “  salt- 
hopper  crystals,”  with  occasional  secondary  mineralization  in  zinc- 
blende,  galena,  pyrite,  marcasite  etc.  All  through  it  calcium  sulphate 
occurs  in  veins  as  secondary  enlargements  and  plumose  masses.  If 
the  specimen  was  secured  from  beneath  the  surface,  as  from  shaft 
walls,  the  calcium  sulphate  is  in  the  form  of  anhydrite.  If,  however, 
it  was  obtained  from  an  outcrop  the  substance  is  always  gypsum. 
There  are  a  number  of  distinct  horizons  which  are  richer  in  calcium 
sulphate.  The  minable  gypsum  zone  varies  from  50  to  150  or  more 
feet  below  the  base  of  the  Bertie  series.  There  is  evidence  that  the 
gypsum  occurs  as  lenses  and  not  as  distinct  beds.  These  lenses  may 
be  a  mile  in  length  along  the  strike,  but  even  then  pinch  and  swell. 
There  are  other'  zones,  layers  and  lentils  of  more  argillaceous  sub¬ 
stances  interbedded  in  these  magnesian-lime  mud  rocks  which  appar¬ 
ently  do  not  extend  any  great  distance  along  the  strike.  It  is  with 
great  difficulty  that  a  sufficiently  extensive  outcrop  can  be  found  to 
ascertain  the  exact  behavior  of  individual  masses.  Comparisons  of 
the  modernized  records  of  the  Lehigh,  Livonia  and  Retsof  shafts 
reveal  that  satisfactory  correlations  with  the  Devonian  formations 
can  be  made,  but  identification  and  correlations  of  the  rocks  below 
the  Bertie  are  very  uncertain. 

It  ought  to  be  obvious  that  our  knowledge  of  the  beds  situated 
directly  beneath  the  uppermost  salt  bed  of  commercial  thickness  is 
very  scanty.  The  majority  of  salt  wells  stopped  either  in  or  just 
below  it.  What  information  is  available  has  been  secured  through 
the  courtesy  of  the  mine  managers  of  the  Retsof  and  the  Sterling 
companies  (Mr  Moynes  of  the  Retsof  Mining  Company  and  Mr 
Fetherston  of  the  Sterling  Salt  Company).  The  specimens  placed 
at  my  disposal  show  that  the  salt  is  directly  associated  with  and  is 
part  of  the  Camillus  type  of  rock.  So  indefinite  is  the  actual  informa¬ 
tion  about  the  Camillus  that  two  distinct  and  opposite  views  are 
held ;  one  that  the  term  is  satisfactory  in  view  of  the  scarcity  of 
knowledge ;  and  the  other  that  it  is  a  mistake  to  affix  a  single  label 
to  350  feet  of  rock  of  such  character.  An  acquaintance  of  mine, 
a  capable  geologist,  expressed  his  feelings  in  a  humorous  mood, 
“  There  is  no  such  thing  as  the  Camillus.”  I  agree  with  him  in 
spirit  but  am  not  inclined  to  carry  the  implication  into  actual  practice. 

As  the  Camillus  is  not  a  rock  type  listed  among  the  usual  sediments, 
it  may  be  that  in  forcing  a  name  upon  it  we  are  stretching  too  far 
our  habit  of  assigning  definite  geographical  names  to  stratigraphic 
units. 
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In  giving  the  term  “  Syracuse  ”  to  the  rock  salt,  the  New  York 
Survey  sought,  very  commendably,  to  honor  the  “  late  ”  Salt  City, 
and  to  furnish  a  convenient  term  by  means  of  which  correlation 
tables  could  be  prepared  with  an  appearance  of  finality  otherwise 
impossible.  On  the  other  hand,  the  multiplicity  of  the  salt  beds, 
their  lithological  and  probable  genetic  associations  with  the  Camillus 
type  of  rock,  render  the  name  of  doubtful  value  in  any  detailed 
stratigraphic  discussion.  In  the  proposed,  and  admittedly  provisional, 
correlation  given  in  table  6,  I  have  used  the  “  Camillus  ”  to  include 
the  “  Syracuse.” 

Great  difficulty  is  experienced  in  establishing  the  base  of  the  Camil¬ 
lus  in  view  of  the  accumulated  facts.  The  nomenclature  of  the  state 
survey  calls  the  contact  of  the  bed  of  rock  salt  and  the  overlying 
“  shales  ”  the  base  of  the  Camillus.  This  can  hardly  be  satisfactory. 
As  is  indicated  above,  the  salt  frequently  occurs  in  more  than  one 
bed;  the  intervening  rocks  are  of  the  Camillus  type.  The  recently 
acquired  information  from  the  Retsof  and  Sterling  shafts  shows  that 
a  succession  of  salt,  salt  and  anhydritic  magnesian-lime  mud  rocks 
lie  beneath  the  mine  horizon.  Other  and  less  reliable  well  records, 
more  particularly  in  central  and  southern  portions  of  the  State,  show 
that  the  Camillus  type  of  rock  continues  below  the  commercial  salt 
horizon  for  20  to  50  feet  or  more.  The  passage  into  the  Vernon 
may  be  abrupt  or  gradual.  I  do  not  know  which  it  is.  This  matter 
is  discussed  again  when  we  deal  with  the  sedimentation  and  the 
distribution  of  the  Salina  series. 

The  Bertie  Series 

Above  the  Camillus  in  central  and  western  New  York  lie  the 
Bertie  and  Akron  waterlimes.  Early  attention  was  directed  to  the 
Bertie  because  one  of  its  prominent  members  furnished  suitable 
material  for  the  manufacture  of  hydraulic  cement,  an  industry  long 
since  replaced  by  the  production  of  Portland  cement. 

Chadwick  has  made  a  preliminary  study  of  the  Bertie  in  Western 
New  York  (1917,  p.  173).  He  recognized  that  the  Bertie  is  not  a 
lithologic  unit,  and  that  it  was  possible  to  subdivide  it  into : 

Williams ville  shale 
Scajaquada  shale 
Falkirk  waterlime 
Oatka  waterlime 
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The  rock  quarried  and  mined  for  the  manufacture  of  hydraulic 
cement  is  a  grayish  buff  fine-grained  argillaceous  dolomitic  limestone. 
Grabau  would  call  it  an  argillaceous  calcilutyte. 

A  chemical  analysis  of  an  average  specimen  (Clarke  &  Ruedemann, 
1912,  p.  101)  is  given  below: 

Table  7 

Analysis  of  Bertie  Waterlime  at  Buffalo  (?) 


Si20 . . . . .  II.  48 

AI2O3.... . 17-50 

FeO  &  Fe203 . 0.90 

CaC03 . . 42.75 

MgC03 .  20.35 

K20 . . . . . . . . . . .  1 . 00 

NaCl .  0.80 

H20  and  loss . 5.22 


Total . .  100.00 


An  inspection  of  this  shows  that  the  rock  is  an  impure  limestone, 
high  in  magnesia,  silica  and  alumina. 

O’Connell  says  that  at  Buffalo  the  Bertie  “  follows  upon  the 
Camillus  shales  and  gypsum,  a  part  of  which  may  belong  to  the 
undoubted  Salina  .  .  .  but  the  upper  part  of  which  certainly  be¬ 
long  with  the  Bertie  to  the  upper  Monroe  [recent  studies  would 
suggest  lower  Monroe  as  correct]  since  it  contains  Leperditia 
scalaris  (1916,  p.  107).  This  conveys  the  impression  that  no  strati¬ 
graphic  break  occurs  at  the  top  of  the  Camillus  and  that  the  passage 
of  that  into  the  Bertie  is  continuous  although  the  conditions  of  sedi¬ 
mentation  of  the  two  were  somewhat  different.  This  conclusion  is 
based  upon  paleontological  evidence.  On  the  other  hand,  Chadwick 
suspected  that  the  Bertie  waterlimes  “  rest  with  an  irregular,  appar¬ 
ently  disconformable  contact,  upon  the  ashen  pitted  shales  of  the 
Camillus”  (1917,  p.  173).  This  suggestion  has  been  substantiated 
at  one  locality ;  north  of  North  Le  Roy,  at  Fort  Hill.  There  the 
lowest  beds  of  the  Bertie  rest  upon  the  Camillus,  the  contact  being 
well  exposed.  By  careful  measurements  it  was  shown  that  the  pitted 
gypseous  shales  are  diagonally  truncated  by  the  lowest  member  of 
the  Bertie  series.  How  widespread  or  important  this  unconformity 
will  prove  to  be  it  is  impossible  to  state  at  the  present  time.  The 
paleontological  evidence  would  suggest  that  the  time  break  was  of 
short  duration,  Stratigraphically,  however,  there  is  a  break. 
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An  examination  of  the  relative  position  of  the  gypsum  beds  and 
the  Bertie  shows  that  sometimes  the  former  are  situated  directly 
beneath  the  Bertie,  while  in  other  localities  they  lie  a  hundred  feet 
or  more  below.  Even  though  it  is  realized  that  the  gypsum  is  prob¬ 
ably  situated  in  layers,  lentils  or  lenses  which  are  not  continuous 
over  great  distances,  yet  this  indicates  that  an  unconformity  is  situ¬ 
ated  at  the  summit  of  the  Camillus.  Mr  Newland  has  already 
observed  this  peculiarity,  but  the  full  significance  does  not  seem  to 
have  been  appreciated. 

Above  the  Bertie  is  the  Akron  dolomite  or  waterlime.  There  is 
a  difference  of  opinion  whether  the  Akron,  which  is  five  to  seven  feet 
in  thickness,  is  or  ought  to  be  included  in  the  Bertie  series.  All 
examinations  of  the  contact  show  no  unconformity  at  all.  This  ques¬ 
tion  does  not  need  to  be  settled  here  as  it  is  really  of  small  moment 
to  this  investigation.  In  the  correlation  chart,  table  6,  the  Akron 
is  not  included  in  the  series. 

The  upper  beds  of  the  Camillus  are  quite  similar  to  the  Bertie 
in  that  they  consist  of  heavily  bedded  waterlimes  and  platten  dolo¬ 
mites,  and  calcareous  shales.  They  are  very  similar  in  general 
appearance  and  under  the  petrographic  microscope,  even  though  they 
contain  the  wrong  ratio  of  silica,  alumina,  lime  and  magnesia  for 
hydraulic  cement  contain  more  gypsum  than  is  permissible.  This 
similarity  between  the  two  formational  series  has  made  it  practically 
impossible  for  the  driller  to  distinguish  between  them.  This  is  the 
cause  of  many  peculiarities  in  the  well  records  which  sometimes 
report  “waterlimes”  for  many  feet  below  the  top  of  the  Camillus. 

Chadwick  (1917,  p.  173)  in  an  abstract  shows  that  there  is  marked 
unconformity  between  the  Bertie- Akron  series  and  the  Oriskany- 
Onondaga  formations.  The  Oriskany-Onondaga  is  found  resting 
upon  the  Akron  in  some  localities,  and  at  others  the  Akron,  Williams- 
ville  and  Scajaquada  are  missing,  so  that  the  contact  is  between  the 
Oriskany-Onondaga  and  the  Falkirk  member  of  the  Bertie.  The 
variation  of  the  thickness  of  the  rocks,  as  penetrated  by  the  drill, 
due  to  this  unconformity  is  not  greater  than  30  to  50  feet. 

The  Oriskany  Sandstone 

This  Devonian  sandstone  is  a  coarse-grained  rock  composed  almost 
entirely  of  semirounded  quartz  grains  cemented  by  silica  that  has 
enlarged  the  grains.  A  few  rhombs  and  irregular  masses  of  dolo- 
mitic  calcite  are  present.  Small  amounts  of  various  feldspars, 
pyroxene,  amphibole,  garnet,  magnetite  etc.  complete  the  list.  On 
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the  outcrop  it  varies  in  thickness  from  a  maximum  of  nearly  a  foot 
to  total  absence.  In  dipping  to  the  south  it  thickens,  as  is  indicated 
by  the  fact  that  the  salt  wells  in  the  Ithaca  region  report  from  13  to 
32  feet  of  Oriskany. 

It  is  possible  that  the  Oriskany  is  situated  between  two  hiatuses 
or  stratigraphic  breaks.  The  lower  unconformity  marks  the  horizon 
of  the  Manlius  and  lower  Helderberg  series,  a  group  absent  along 
the  strike  in  Western  New  York  but  present  in  Eastern  New  York, 
and  in  partial  degree  encountered  in  the  wells  and  shafts  in  the 
southern  portion  of  the  salt  field.  The  study  of  the  Livonia  Shaft 
diagram,  as  given  by  Luther  and  interpreted  by  Clarke  (Luther 
and  Clarke,  1893)  in  the  light  of  our  present  knowledge,  shows  that 
the  Manlius  and  the  Rondout  formations  are  present  even  though 
they  do  not  outcrop.  The  uncertainties  attached  to  the  well  records 
located  in  the  southern  portion  of  the  salt  field  fail  to  indicate  just 
what  members  of  the  Manlius  and  lower  Helderberg  group  are 
present.  It  would  appear,  however,  that  they  wedge  in  from  the 
south. 

The  “  Springville  ”  Sandstone 

At  Oak  Corners,  in  the  Phelps  quadrangle,  a  peculiar  black  pebbly 
conglomerate  has  been  obtained  (Chadwick,  1917,  p.  42).  It  con¬ 
tains  fragments  of  waterlimes  and  the  cement  is  chloritic  and  serpen- 
tinous.  These  waterlimes  are  more  like  the  subjacent  Akron  of  the 
Bertie-Akron  series  than  they  are  like  the  normal  Onondaga.  It 
may  be  that  this  rock  is  a  lateritic  deposit  indicating  an  erosional 
interval.  Further  information  about  this  probable  break  is  necessary 
before  its  significance  can  be  obtained. 

The  Unconformities 

Above  the  Oriskany  sandstone  is  still  another  unconformity.  In 
eastern  New  York  the  Esopus  and  Schoharie  formations  are  present 
above  the  Oriskany  and  below  the  Onondaga.  The  Oriskany  is 
erratic  in  that  it  often  presents  merely  a  narrow  streak  of  sandstone, 
frequently  absent  and  only  occasionally  reaching  its  maximum  thick¬ 
ness  of  a  foot.  Consequently,  any  unconformity  that  cuts  out  the 
Oriskany  can  only  be  of  minor  significance  when  the  Manlius,  lower 
Helderberg  (Ailing,  1923),  Esopus  and  Schoharie  strata  are  absent. 
When  the  Manlius  and  Rondout  appear,  as  they  do  in  the  southern 
area,  the  unconformities  associated  with  the  Oriskany  are  important, 
since  they  render  uncertain  any  calculation  of  the  depth  of  the  salt 
below  the  surface  based  upon  the  thickness  of  the  rocks. 
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The  various  unconformities  recognized  as  actually  existing  between 
the  Onondaga  and  the  rock  salt  beds  are  as  follows : 

Onondaga 

Unconformity 

Oriskany 

Unconformity 

Lower  Helderberg 

Unconformity 

Manlius 

Unconformity 

Akron 

Bertie  Series 

Unconformity 

Camillus 

Rock  Salt  (“  Syracuse  ”) 

Vernon 

(Pittsford) 

The  full  significance  of  these  unconformities  has  not  been  fully 
appreciated.  To  the  salt  manufacturers  these  have  a  bearing  upon 
the  depth  of  the  salt  below  the  surface,  or  below  a  definite  datum 
plane.  A  convenient  datum  plane  is  the  Onondaga  limestone,  for 
the  cherty  nodules  within  this  formation  are  easily  recognized  by 
the  driller.  Merrill  has  published  a  chart  (1893)  showing  the  position 
of  the  salt  beds  with  reference  to  the  top  of  the  Onondaga  limestone. 
The  salt  lies  from  375  to  975  feet  below  this  plane.  These  figures 
mark  the  extremes  ;  the  wells  at  Dansville  and  at  Dundee  supplying 
these  limits.  In  the  Oatka-Genesee  district  the  salt  is  usually  found 
to  lie  at  levels  from  550  to  750  feet  below  the  top  of  the  Onondaga. 
Merrill  experienced  the  same  difficulty  in  constructing  a  contour  map 
of  the  salt  beds  that  I  have.  He  felt,  in  view  of  the  many  uncer¬ 
tainties  associated  with  the  well  records,  that  he  was  not  justified  in 
drawing  conclusions  directly  from  them.  He  employed  the  more 
conservative  plan  of  obtaining  the  average  depth  of  the  salt  beds 
below  the  top  of  the  Onondaga.  He  found  that  if  the  figure  of  610 
feet  was  taken,  it  intersected  the  majority  of  the  beds  and  upon  this 
based  his  contour  map,  a  map  that  is  very  suggestive,  but  possibly 
misleading  unless  fully  understood.  It  is  really  a  contour  map  of 
the  Onondaga  limestone  with  the  figure  610  feet  too  low.  Merrill’s 
method  thus  ignores  the  unconformities  above  noted  (see  page  80  and 
figure  14) 
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STRATIGRAPHIC  PALEONTOLOGY 

The  Salina  of  New  York  is  not  rich  in  fossils ;  hundreds  of  feet  are 
absolutely  barren  of  organisms.  Hence,  in  a  general  way  the 
paleontologist  has  not  been  attracted  to  the  Salina  as  a  fruitful  field. 
What  paleontological  specimens  have  been  secured  are  very  signifi¬ 
cant,  and,  at  the  same  time,  perplexing. 

The  Guelph  Fauna 

We  commence  our  paleontological  review  with  a  study  of  the 
Lockport,  which  lies  beneath  the  Salina. 

Clarke  and  Ruedemann  (1905,  p.  114-18)  have  thoroughly  studied 
the  Guelph  fauna  and  conclude  that  “  the  species  on  the  whole  are 
either  large  and  heavy  shelled  or  diminutive  and  thin  shelled.  .  .  . 
More  than  one  consideration  suggests  that  increasing  salinity  assisted 
the  development  of  the  thick  shelled  mollusks.  We  must  look  upon 
the  Guelph  as  a  distinct  phase  in  the  development  of  the  vast  Niagaran 
coral  sea  into  the  desiccating,  inclosed  sea  of  the  Salina  stage,  when 
the  salinity  of  the  water  finally  destroyed  all  life.  .  .  .  It  is  there¬ 
fore  legitimate  to  conclude  that  the  enclosure  and  desiccation  of  the 
continental  Niagaran  sea  had  already  begun  to  manifest  its  influence.” 

“  The  dolomite  series  from  top  of  the  Rochester  shale  into  the 
Salina  beds  shows  an  irregular  increasing  magnesian  content  and 
increasing  salinity.  .  .  Dali  (1894,  p.  113)  [says]  that  in  the  salt 
lagoons  or  salt  pans  of  the  Bahamas  the  effect  of  [increase  in  salinity] 

.  .  .  is  shown  in  the  diminished  size  and  thin  shells  of  the  mol¬ 
lusks  and  among  the  gastropods  in  a  tendency  to  irregularity  of 
coil  effacement  of  sculpture.  Such  extreme  conditions  may  be  con¬ 
ceived  to  have  led  to  the  depauperation  and  actual  extinction  of  the 
fauna  of  the  Salina  stage.” 

Clarke  and  Ruedemann  (1905)  have  shown  that  in  a  number  of 
localities  the  passage  between  the  Lockport  and  the  Vernon 
(Pittsford)  is  an  “interlocking  boundary.”  At  Farmer’s  Mills,  a 
few  miles  south  of  Clinton,  I  found  that  the  so-called  Lockport  con¬ 
sists  of  four  or  five  thin  beds  of  dolomite  (which  assume  an  arched 
form)  separated  from  each  other  by  a  bed  of  blue  black  shale.  The 
upper  beds  of  the  black  shale  pass  gradually  from  dark  green,  green, 
mottled  green  and  purple  into  red  shales.  The  boundary  is  more 
than  interlocking  at  this  locality;  it  is  gradational  with  no  evidence 
of  erosion  prior  to  the  deposition  of  the  Vernon.  In  one  of  the 
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dolomitic  shaly  layers  the  huge  eurypterid,  Eusarcus  vaningeni,  has 
been  found,  suggesting  the  Pittsford  phase.  The  gradational 
character  of  the  beds,  their  lithological  and  paleontological  aspects 
show  that  the  marine  conditions  of  the  Guelph-Lockport,  with  in¬ 
creasing  salinity,  continued  up  to  and  into  the  Vernon. 

The  Guelph-Lockport  group  pinches  out  from  west  to  east  in  the 
State,  and  is  entirely  wanting  before  Herkimer  county  is  reached. 
“  Moreover,  rocks  of  Lockport  age  are  wanting  entirely  in  the 
Appalachian  region  to  the  south  of  Maryland.  .  .  .  But  the  absence 
of  the  Lockport  in  eastern  New  York  is  not  due  to  erosion  prior  to 
its  overlap  by  the  Salina,  nor  is  there  any  evidence  to  show  that  the 
Lockport  was  deposited  in  the  Appalachian  region  between  eastern 
New  York  and  Tennessee  and  then  removed  by  erosion  before 
Cayugan  [Salina]  sediments  were  laid  down  in  the  same  region.” 
(Swartz,  1923,  p.  245-46). 

The  Pittsford  Fauna 

The  discovery  of  eurypterids  by  Sarle  (1901-03)  from  the  Pitts¬ 
ford  horizon  of  the  Vernon,  and  their  detailed  study  by  Clarke  and 
Ruedemann  (1914),  Ruedemann  (1918,  p.  3,  4),  Grabau  (1913, 
p.  498)  and  O’Connell  (1916,  p.  1-278)  has  shed  a  great  deal  of 
light  upon  the  conditions  under  which  the  base  of  the  Vernon  was 
deposited.  At  the  same  time  it  has  given  rise  to  wide  difference  of 
opinion  regarding  the  habitat  of  these  interesting  organisms. 

At  a  number  of  localities  eurypterids  have  been  found  in  thin  black 
carbonaceous,  argillaceous  dolomites,  which  are  imbedded  with 
green,  purplish  and  mottled  shales  of  the  basal  Vernon.  The  finding 
of  these  organisms  lead  the  state  survey  to  propose  the  term  “  Pitts¬ 
ford  shale.”  Stratigraphically,  however,  I  am  inclined  to  regard 
this  fossiliferous  zone  too  erratic  to  justify  formational  rank.  To 
name  merely  transitional  beds,  which  occasionally  supply  eurypterids, 
the  “  Pittsford  ”  unquestionably  emphasized  this  assemblage. 

Clarke  and  Ruedemann  (1914)  believe  that  the  eurypterids  were 
able  to  live  in  very  salty  and  brackish  waters  and  therefore  indicate 
such  conditions  during  Vernon  times.  The  finding  of  lingulas, 
pterineas,  cephalopods  and  salt  hopper  crystals  in  the  same  slabs 
with  the  eurypterid  remains  would  seem  to  exclude  the  possibility 
that  fresh  water  conditions  prevailed  at  this  period. 

On  the  other  hand,  Grabau  and  O’Connell,  following  Chamberlin, 
regard  them  as  indicative  of  fresh  water  conditions.  O’Connell,  in 


GEOLOGY  AND  ORIGIN  OF  SILURIAN  SALT  OF  NEW  YORK  STATE  33 


an  elaborate  paper,  reached  the  conclusion  that  the  Eurypterida  lived 
in  the  rivers  and  were  swept  into  marine  waters  on  entering  the 
epicontinental  seas  or  salt  lagoons. 

Ruedemann  says :  “  It  is  clearly  a  dangerous  begging  of  the  ques¬ 
tion  to  make  .  .  [the  eurypterids]  either  fresh  water  animals  that 
were  drifted  into  the  marine  assemblage,  or  have  the  latter,  with  its 
countless  specimens,  conveniently  drift  into  fresh  water  with  the 
waiting  eurypterids”  (1916,  p.  115). 

Additional  light  has  recently  been  thrown  upon  the  problem  of 
the  habitat  of  the  Eurypterida  by  the  studies  of  Versluys,  Demoll 
and  Pompeckj  (Versluys,  1919;  Versluys  and  Demoll,  1922;  Ver¬ 
sluys,  1923),  as  shown  by  Ruedemann  (1924,  p.  227-32).  Versluys 
and  Demoll  conclude  that  the  ancestors  of  the  eurypterids  were 
evolved  from  land  animals.  These  derived  organisms  went  directly 
into  the  sea.  Pompeckj  holds  that  the  ancestors  of  the  eurypterids 
“  spread  from  the  land  into  fresh  water  and  thence  intermittently 
into  the  sea”  (Ruedemann,  1924,  p.  227-32).  Ruedemann  (1923) 
has  stated  that  he  believed  that  the  study  of  the  Vernon  and  Pitts- 
ford  faunas  indicated  conditions  of  more  or  less  abnormal  salinity, 
mostly  higher  than  normal,  and  suggestive  of  shore  lagoons  along 
flat  coasts  of  desert  lands. 

Chadwick  (1919,  p.  152)  noted  in  the  more  recently  discovered 
horizon  of  the  recurrent  Pittsford  fauna,  Leperditiae,  Emelezoe 
decora  and  Ceratiocaris  salina,  occurring  on  the  same  slab  with 
eurypterid  remains.  He  says :  “  The  indications  are  not  favorable  to 
a  fresh  water  habitat  for  [the  eurypterids].” 

Swartz  (1923,  p.  209)  says:  “It  is  manifest  that  the  [lower] 
Cayugan  of  New  York  was  ushered  in  by  the  formation  of  extensive 
deposits  of  salt  associated  with  arid  climatic  conditions.  While  we 
can  not  correlate  the  beds  of  this  period  in  New  York  with  those  of 
Maryland  by  fossils,  since  there  are  none  [note  beyond]  above  the 
Pittsford  in  the  former  state,  it  is  highly  probable  that  salt  was  de¬ 
posited  in  Maryland  and  New  York  at  essentially  the  same  time, 
since  they  are  parts  of  one  province.  It  is,  moreover,  probable  that 
the  conditions  which  produced  aridity  would  affect  the  climate  of 
both  areas  at  the  same  time.  As  a  matter  of  fact  we  find  imprints 
of  salt  crystals  in  the  strata  of  Maryland,  indicating  arid  conditions 
here.  It  is  also  significant  that  these  salt  crystals  are  underlain  by 
red  deposits  in  Maryland  as  in  New  York  but  with  this  difference: 
The  red  deposits  occupy  the  entire  interval  between  the  Pittsford 
and  the  salt  beds  in  New  York,  while  they  appear  only  at  the  base 
of  the  Wills  Creek  in  Maryland  where  salt  crystals  appear  at  the 
top  of  the  formation.” 
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Sarle  says :  “  It  is  thus  seen  that  preparatory,  as  it  were,  to  the 
coming  of  the  Salina  fauna,  there  was  a  change  in  physical  conditions. 
The  shallowing  of  the  sea,  with  a  probable  increase  of  salinity  and 
turbidity  of  waters,  probably  had  more  than  anything  to  do  with  the 
displacement  of  the  Niagara  fauna  ”  (1902,  p.  1085).  Whichever 
view  we  are  inclined  to  accept  regarding  the  habitat  of  the  eurypterids, 
the  evidence  furnished  by  these  organisms  points  to  saline  conditions 
during  the  deposition  of  the  basal  beds  of  the  Vernon.  There  may 
have  been  fresh  water  rivers  flowing  into  this  desiccating  sea.  The 
salinity  of  the  Vernon  was,  without  much  question,  greater  than  that 
which  prevailed  during  Guelph-Lockport  times. 

The  following  is  a  list  of  the  forms  found  in  the  Pittsford  and 
basal  Vernon  (Ruedemann,  1919,  p.  205-6). 

Upper  Zone 

Lingula  setnina  Ruedemann  c  (also  in  lower  zone) 

Lingula  sp.  rr 
Rhipidomella  sp.  rr 

Atrypa  reticularis  (Linnaeus)  (characteristic  Silurian  and  Devonian  through¬ 
out  world) 

Trochoceras  aff.  costatum  Hall  rr 
Hexameroceras  chadwicki  Ruedemann  rr 
Worm  borings  cc 

Leperditia  scalaris  Jones  cc  (also  in  Falkirk  of  Bertie  series) 

Leperditia  sp.  r 

Emmelsoe  decora  Clarke  r 

Ceratiocaris  salina  Ruedemann  cc 

Ceratiocaris  cf.  praecedens  Clarke  rr 

Eurypterus  pittsfordensis  Sarle  cc 

Mixopterus  multispinosus  (Clarke  and  Ruedemann) 

Hughmilleria  phelpsae  Ruedemann  rr 
Pterygotus  vernonensis  Ruedemann  rr 

Lower  (,( Pittsford”)  Zone 
L  ingula  setnina  Ruedemann  cc  (also  in  upper  zone) 

Pterinea  postriata  Ruedemann  cc 
Hexameroceras  cf.  chadwicki  Ruedemann  rr 
Orthoceras  sp.  rr 

Leperditia  scalaris  Jones  cc  (also  in  upper  zone  and  Falkirk  of  Bertie  series) 
Emmelsoe  decora  Clarke  r  (also  in  upper  zone) 

Pseudoniscus  roosevelti  Clarke  rr 
Ceratiocaris  praecedens  Clarke  rr 
Eurypterus  pittsfordensis  Sarle  c  (also  in  upper  zone) 

Mixopterus  multispinosus  (Clarke  and  Ruedemann)  rr  (also  in  upper  zone) 
Hughmilleria  socialis  Sarle  c 
Hughmilleria  socialis  var.  robust  a  Sarle  rr 
Pterygotus  monroeensis  Sarle  rr 

Vernon  Fauna 

Chadwick  (1919,  p.  205)  has  noted  ostracods  in  the  red  Vernon. 
Eaton  (1924,  p.  hi,  1 12)  lists  the  following  species: 

Leperditia  scalaris  (Jones)  Poleumita  scamnata  Clarke  and 

Calymene?  niagarensis  Hall  Ruedemann 

Phragmoceras  sp.  Streptomytilus?  cf.  eduliformis 

Diaphorostoma?  niagarense  (Hall)?  (Clarke  and  Ruedemann) 
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Cuneamya  cf.  alveata  Whitfield  and 


Orthodesma?  sp. 
Camarotoechia  litchfieldensis 


Hovey 

Ctenodonta  cf.  salinensis  Ruedemann 
C.  ruedemanni  nov. 

Pterinea  cf.  poststriata  Ruedemann 
P.  rotunda  nov. 

P.  jordani  nov. 

P?  sp. 


( Shuchert) 

Lingula  veroni  nov. 

Cornulites  hopkinsi  nov. 

Kloedenia  normalis  U.  and  B. 

Disy  go  pleura  acuminata  U.  and  B. 


The  last  two  .  .  .  “  species  are  particularly  characteristic  of  the 
lower  part  of  the  Wills  Creek  and  the  upper  part  of  the  McKenzie 
formation  in  Maryland,  hence  of  the  position  to  which  [Ulrich]  has 
assigned  the  Vernon  shale”  (See  Maryland  Rep’t,  1923,  p.  267). 

“  The  fauna  is  marine,  and  flourished  apparently  in  a  solution  con¬ 
centrated  enough  to  allow  of  the  occasional  crystallization  of  halite. 
This  interesting  fact  may  aid  in  the  determination  of  the  origin  of 
the  Vernon  formation.” 


Camillus  Fauna 


The  lamellibranch  Ctenodonta  salinensis  Ruedemann  has  been 
found  at  various  horizons  in  the  Camillus :  Bull’s  quarry,  Lenox, 
Madison  county,  Bellisle,  Onondaga  county,  and  at  Garbutt,  Living¬ 
ston  county.  Ruedemann  (1916,  p.  75-76)  comments  about  the 
specimens  from  Lenox  as  follows :  “  The  sole  interest  in  this  in¬ 
significant  little  pelecypod  consists  in  its  occurrence  in  the  Salina 
beds  close  to  the  gypsum  beds.  .  .  It  is  a  true  Salina  species.  It 
must  have  been  quite  common  locally,  for  we  have  before  us,  on  a 
slab  measuring  3  by  4  inches,  some  18  specimens.  Mr  Hartnagel 
states  that  he  has  also  observed  a  Leperditia  in  the  Salina  beds,  and 
wormtubes  and  tracks  are  seen  on  the  other  side  of  the  slab  with 
[Ctenodonta]  salinensis  and  these  are  the  only  signs  of  organic  life 
in  the  Salina  beds  of  which  I  am  aware,  even  this  little  life  seems 
out  of  place  considering  the  conditions  indicated  by  the  repetition 
of  salt  and  gypsum  beds,  hopper-crystals  etc.” 

I  found,  in  company  with  Mr  Hartnagel,  similar  specimens  of  a 
pelecypod  at  Garbutt  six  feet  below  a  layer  of  gypsum  nine  inches 
thick.  Doctor  Ruedemann  (1923)  says  that  it  is  “undoubtedly 
identical  with  the  Ctenodonta  salinensis  Ruedemann  which  I  de¬ 
scribed  from  the  Salina  beds  [Camillus  shale]  at  Bull’s  quarry,  town 
of  Lenox,  Madison  county.  I  have  since  found  also  a  slab  in  the 
old  collection  of  typical  rocks  in  the  [New  York  State]  Museum,  that 
is  covered  with  poor  specimens  of  the  same  form.  It  is  from  .  .  . 
[the  Salina]  near  Bellisle,  Onondaga  county,  N.  Y.” 

At  Saltspringville,  Schoharie  county,  I  found  a  graptolite  in  the 
Brayman  shale  of  Grabau  (1906),  which  is  without  much  question 
the  eastern  extension  of  the  Camillus.  This  was  submitted  to  Doctor 
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Fig.  2  Camera  lucida  drawings  of  carbonaceous  matter  in  calcareous  sediments 
to  illustrate  the  organic  remains  found  in  the  Vernon  and  Camillus  beds. 
All  are  drawn  to  a  uniform  scale,  magnification  about  180  diameters. 
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Ruedemann  for  identification.  He  reports  as  follows :  “The  grap- 
tolite  is  a  form  of  Palaeodictyota,  near  Palaeodicyota  clintonensis 
Ruedemann,  but  judging  from  the  imperfect  specimen,  having 
smaller  and  relatively  narrower  meshes  .  .  .  [it  is]  probably  a 
new  form”  (1923,  personally  communicated). 


Explanation  of  figure  2 

A  Carbonaceous  matter  in  Camillus  lime-mud  rock  directly  associated  with 
red  salt,  bottom  of  Greigsville  shaft.  (1903) 

B  Carbonaceous  (?)  matter  found  on  dissolving  red  salt  from  Greigsville 
shaft.  (i903A-dt) 

C  Carbonaceous  matter  in  Camillus  “shale”  12  feet  above  main  salt  bed  of 
the  Sterling  Salt  Company,  Halite,  N.  Y.  (1 722) 

D  Carbonaceous  matter  in  Camillus  lime-mud  rock  veined  with  white,  red 
and  brown  salt,  three  feet  above  main  salt  bed,  Sterling  shaft.  (1725) 

E  Carbonaceous  matter  in  Camillus  lime-mud  rock,  dark  colored,  impreg¬ 
nated  with  salt  forming  the  footwall  of  the  Sterling  mine. 

F  Carbonaceous  matter  in  Rochester  (shaley  limestone)  “shale,”  Barge 
canal,  South  Greece,  near  Rochester.  (1419) 

G  Carbonaceous  matter  coated  with  (organic?)  pyrite  in  recurrent  (upper) 
eurypterid  bearing  Vernon  shale,  Pittsford,  N.  Y.  Sometimes  the  rela¬ 
tions  of  the  carbonaceous  matter  and  pyrite  are  reversed;  the  carbona¬ 
ceous  matter  coating  pyrite.  (957) 

H  Carbonaceous  matter  in  “Reynales  limestone,”  Clinton  group,  Genesee 
Gorge,  Rochester.  58  inches  below  Pentamerus  oblongus  zone.  (1700) 

I  Carbonaceous  matter  in  nodule  in  salt  being  mined,  Sterling  Salt  Com¬ 
pany.  (1727  A) 

/  Carbonaceous  matter  in  Coeymans  limestone,  west  of  Catskill. 
(5-C-13-282) 

K  Carbonaceous  matter  in  green  spot  in  red  Vernon  from  Vernon,  N.  Y. 
Carbonaceous  matter  occurs  in  the  red  rock  as  well  but  the  iron  oxide 
obscures  it  to  the  extent  that  a  camera  lucida  drawing  is  difficult  to 
make.  (954) 

L  Carbonaceous  matter  in  red  Vernon  shale,  Spring  House  locality,  Pitts¬ 
ford,  N.  Y.  ( I002g) 
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Petrographic  studies  of  the  Camillas  rocks  under  the  microscope 
in  thin-sections  reveal  carbonaceous  matter.  This  takes  various 
forms,  some  of  which  are  shown  in  figure  2.  The  common  forms  or 
shapes  are  long  narrow  ribbons  reminding  me  of  small  thin  flakes  of 
graphite  viewed  in  longitudinal  sections.  Usually  they  are  o.i  to 
0.15  mm  in  length  and  0.01  to  0.02  wide.  The  other  form  consists 
of  round  pellets  about  .002  mm  in  diameter,  frequently  arranged  in 
rows  like  beads  strung  on  a  string.  These  “  strings  ”  of  carbon¬ 
aceous  pellets  are  twisted  into  loops  which  take  on  the  appearance 
of  letters  and  figures  such  as  F,  L,  7,  o  and  9.  Carbonaceous  matter 
of  this  kind  is  distributed  throughout  the  Camillas.  Of  the  30  slides 
examined  only  four  failed  to  show  carbonaceous  matter.  It  occurs 
in  salt  shales,  above  and  below  the  mine  horizons  of  -  the  Retsof, 
Sterling,  Greigsville,  and  Livonia  shafts ;  in  the  lime-mud  rocks 
directly  associated  with  the  anhydrite  taken  from  the  mine  shafts 
and  in  the  gypsum  bearing  layers  now  worked  for  gypsum. 

For  comparison  similar  examination  of  thin  sections  of  calcareous 
rocks  deposited  under  more  normal  marine  conditions  show  them  in 
exactly  the  same  way,  perhaps  more  abundantly.  The  Rochester, 
Depew,  Lockport,  Trenton,  Chazy,  Coeymans  and  other  limestones 
and  shaly  limestones  present  carbonaceous  matter  in  the  identical 
forms  found  in  the  Camillus. 

Dr  David  White,  on  seeing  the  carbonaceous  matter  in  these  salt 
and  anhydritic  rocks,  expressed  the  view  that  it  was  organic  carbon, 
and  suggested  that  it  may  have  been  derived  from  algae.  In  Great 
Salt  Lake,  where  the  salinity  is  22  per  cent  to  25  per  cent  or  seven 
times  the  salinity  of  sea  water,  the  fauna  and  flora  are  scanty ;  “there 
are  a  few  algae,  the  larvae  of  an  Ephydra  and  of  a  Tipula  fly  .  .  . 
[and]  the  brine  shrimp,  Artemia  salina  ”  (Enc.  Brit.  1910,  p.  422). 
Many  calcareous  and  siliceous  sediments  as  deposited  contain  iron  as 
limonite,  hematite  or  chloritic  minerals.  During  the  metamorphism 
subsequent  to  deposition  this  iron  may  combine  with  the  sulphur  that 
is  frequently  present  in  muds  as  hydrogen  sulphide,  derived  from 
decaying  organic  matter,  to  form  pyrite.  In  the  graphitic  schists 
pyrite  has  acted  as  a  center  about  which  the  graphite  has  aggregated. 
A  similar  process  has  evidently  taken  place  in  the  Camillus  lime-mud 
rock  but  to  a  lesser  degree  because  the  rocks  have  suffered  less 
metamorphism  (or  “  epimorphism  ”)  (Ailing,  1925). 

Pyrite,  as  well  as  the  carbon,  is  regarded  as  indicative  of  organic 
matter  in  the  Camillus. 
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Complete  correlations  of  the  Salina  formations  of  New  York 
with  those  in  Maryland,  on  the  basis  of  fossils,  are  impossible.  The 
New  York  rocks  are  too  scantily  supplied  with  paleontological  re¬ 
mains  to  be  of  any  correlative  value.  Such  organisms  as  we  are 
accustomed  to  regard  as  excellent  index  fossils  in  New  York  have 
been  found  to  have  an  extensive  vertical  range  in  Maryland.  For 
example,  the  Wills  Creek  is  certainly  of  Salina  age,  and  probably 
equivalent  to  the  Camillus  in  a  general  way,  and  perhaps  to  the 
Bertie  as  well ;  yet  the  Wills  Creek  contains  Spirifer  vanuxemi,  which 
we  find  as  a  typical  fossil  of  the  Manlius  limestone  of  this  State. 
The  same  fossil  occurs  in  the  Tonoloway  formation  of  Maryland. 
The  striking  fact  about  the  presence  of  Spirifer  vanuxemi  in  the 
Wills  Creek  is  that  it  occurs  below  the  beds  with  imprints  of  salt 
crystals.  The  conclusion  therefore  reached  is  that  correlation  upon 
paleontological  evidence  alone  is  impossible;  similarly  correlation 
upon  lithology  may  be  misleading.  The  McKenzie,  Bloomsburg  and 
Wills  Creek  taken  as  a  unit  are  probably  synchronous  with  the 
Vernon  (with  its  eurypterid  zones),  the  salt  and  the  Camillus.  This 
is  more  fully  discussed  in  the  chapter  on  sedimentation.  Since  it  is 
impossible  to  compare  the  faunas  of  the  lower  Cayugan  (Salina) 
of  New  York  and  Maryland  it  is  necessary  to  examine  the  faunal 
content  of  the  upper  Cayugan. 

There  are  four  species  of  the  Wills  Creek  that  are  common  to 
the  Cayugan  of  New  York:  Spirifer  vanuxemi,  Ca'marotoechia 
lit  ch  field  ensis,  Calymene  camerata,  and  Schuchertella  inter  striata. 
They  are  found  in  the  Cobleskill  and  Rondout  of  New  York,  Raisin 
River  of  Michigan  and  Ontario,  the  Lucas,  Amherstburg  and  the 
Greenfield  of  Ohio  and  the  Wills  Creek  and  the  Tonoloway  of 
Maryland. 

Camarotoechia  lit  ch  field  ensis  and  Calymene  camerata  are  found 
in  the  Wilbur  and  Cobleskill  of  New  York,  in  the  Wills  Creek  of 
Maryland,  the  Tonoloway  and  Keyser  formations,  and  also  in  the 
Decker  Ferry  of  New  Jersey.  Spirifer  vanuxemi  is  restricted  to  the 
Manlius  in  New  York,  but  it  ranges  from  the  Wills  Creek  through 
the  Tonoloway  into  the  Keyser  in  Maryland. 

The  top  of  the  Wills  Creek  carries  eurypterids  which  suggest  the 
Bertie  series  of  New  York. 

The  Bertie  Fauna 

The  fauna  of  the  Bertie  series  has  for  some  time  been  of  interest. 
Specimens  of  eurypterids  from  Buffalo  are  to  be  found  in  many 
museums. 
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The  Akron  and  Bertie  can  be  tabulated,  following  Grabau,  Chad¬ 
wick  (1917,  p.  173)  and  Williams  (1919,  p.  85),  as  follows: 


Akron  dolomite  with  Cythophyllum  hydraulicum . .  12  feet  or  less 

Williamsville  cement  bed  carrying  eurypterids. .......... .  6 

Scajaquada  dark  shales  and  blocky  waterlimes  and  at  base, 

the  Bridgeburg  horizon  with  eurypterids . .  8 

Falkirk  dolomite,  with  marine  fauna,  but  eurypterids  at  base  30 
Oatka  beds,  dark  grey  and  shaly  with  a  blocky  waterlime  at 
base  carrying  eurypterids . .  20  or  less 


The  fauna  and  flora  of  the  Akron  and  Bertie  series  in  the  Erie 
district  is  as  follows : 

Akron : 

N  ematophycus  crassus  (Penhallow)  horizon  doubtful 
Cyathophyllum  hydraulicum  Simpson 

Schuchertella  interstriata  (Hall)  (also  in  Raisin  River  of  Michigan  and 
Ontario,  Lucas  and  Greenfield  of  Ohio,  Cobleskill  of  New  York,  Wills 
Creek  and  Tonoloway  of  Maryland) 

Spirifer  eriensis  (Grabau)  ? 

Williamsville: 

Inocaulis  lesquereuxi  (Grote  and  Pitt) 

Lingula  testatrix  Ruedemann 
Diaphorostoma  sp. 

Hercynella  patelliformis  O’Connell 
Hercynella  buffaloensis  O’Connell 
Hormotoma  gregaria  Ruedemann 
Orthoceras  vicinus  Ruedemann 
Phragmoceras  accola  Ruedemann 
Bertie  (Eurypterids) 

Dolichopterus  macrocheirus  Hall 
Dolichopterus  siluriceps  Clarke  and  Ruedemann 
Eurypterus  dekayi  Hall 
Eurypterus  lacustris  Hall  (Harlan) 

Eurypterus  lacustris  var.  pachychirus  Hall 
Eurypterus  pustulosus  Hall 
Eurypterus  robustus  Flail 

Eusarcus  scorpionis  Grote  and  Pitt  . .  . . 

Pterygotus  buffaloensis  Pohlman 

Pterygotus  cobbi  Hall  var.  juvenis  Clarke  and  Ruedemann 
Pterygotus  grandis  (Pohlman)  Grote  and  Pitt 
Falkirk  (Chadwick) 

Whitfieldella  sulcata  (Vanuxem)  (W.  sub  sulc  at  a  Grabau  in  Greenfield  of 
Ontario) 

Gomphoceras  osculum  Ruedemann 

Leperditia  cf.  scalaris  (Jones)  (also  in  “Pittsford”- Vernon  zones) 

Orthoceras  undulatum 

Trochoceras  gebhardi 

Leperditia  alta 

Goniophora  sp. 

Proscorpius  osborni 
Bertie : 

Brachiopod  —  Lingula  sp. 

Pulmonate  Gastropods  —  Hercynella  buffaloensis 
H,  patelliformis 

Graptolites  —  “ Buthotrephis  lesquereuxi ”  (formerly  considered  seaweed, 
now  identified  by  Ruedemann  as  graptolites) 

Ceratiocarid  —  Ceratiocaris  acuminata 
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Plant  —  Chondrites  graminiformis  (may  be  a  graptolite) 

(b)  Bertie  fauna  of  Herkimer  district: 

Eurypterids 

Dolichopterus  macrochirus 
D.  testudineus 
Eurypterus  remipes 
Pterygotus  macro phthalmus 
P.  cobbi 

Associated  forms  —  Scorpion 
Proscorpius  osborni 

This  list  has  been  materially  changed  in  its  aspect  by  the  more 
recent  collections  of  Mr  Reinhard  and  others.  It  reads  now  (new 
forms  marked  by  asterisk)  : 

(a)  Bertie  fauna  and  flora  of  Erie  district: 

Eurypterids,  same  as  above  in  O’Connell’s  list 
Associated  forms 
Plants 
Algae 

*Calithamnopsis  silurica  Rued. 

*Morania  (?)  bertiensis  Rued. 

*Sphenophycus  (?)  spec. 

Corals 

*Stromatopora  sp. 

*Ceratopora  (?)  sp. 

Graptolites 

Inocaulis  lesquereuxi  (Grote  and  Pitt) 

*Palaeodictyota  buffaloensis  Rued. 

Medusae graptus  graminiformis  (Pohlman) 

*Orthograptus  (?)  sp. 

Pyrgocystis  batheri  Rued. 

Cystids 

* Pyrgocystis  batheri  Rued. 

Bryozoans 
*Stigmatella  sp. 

Brachiopods 
*  Lingula  media  Rued. 

*Orbiculoidea  bertiensis  Rued. 

Camarotoechia  cf.  andrewsi  Proutv 
Spirifcr  (Delthyris)  eriensis  (Grabau) 

Vermes 

*Bertiella  obesa  Rued. 

*Serpulites  sp. 

Mollusca 
Lamellibranchs 
*Rhytimya  buffaloensis  Rued. 

Goniophora  sp. 

Gastropods 

Hercynella  buffaloensis  O’Connell 
H.  patelliformis  O’Connell 
*Loxonema  bertiense  Rued. 

*Hormotoma  gr  eg  aria  Rued. 

Conularidae 

*Conularia  perglabra  Rued. 

Cephalopods 
*Orthoceras  sp. 

Dawsonoceras  oconnellae  Rued. 

Trochoceras  cf.  anderdonense  Grabau 
*Pristeroceras  timidum  Rued. 
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Crustaceans 

Ceratiocaris  acuminata  Hall 

C.  maccoyana  Hall 

*Lepidocoleus  reinhardi  Rued. 

*Emmelesoe  minuta  Rued. 

Leperditia  alta  (Conrad) 

L.  scalaris  (Tones) 

Merostomes 

*Bunaia  woodwardi  Clarke 

*  Hernias  pis  (?)  eriensis  Clarke 

(b)  Bertie  fauna  of  middle  and  eastern  districts: 

Eurypterids 

Dolichopterus  macrochirus  Hall 

D.  testudineus  Clarke  and  Ruedemann 

Eurypterus  remipes  Dekay 

Pterygotus  macro phthalmus  Hall 

P.  cobbi  Hall 

*Eusarcus  trigonus  Rued. 

Associated  forms 

*  Lingula  sub  trig  ona  Rued. 

*L.  testatrix  Rued. 

Orthoceras  vicinus  Rued. 

*Phragmoceras  accola  Rued. 

*Pseu4oniscus  clarkei  Rued. 

Proscorpius  osborni  Whitfield 

A  comparison  of  the  two  lists  shows  that  the  additions  are  all  in 
the  associated  forms,  that  they  consist  of  seaweeds,  corals,  grapto- 
lites,  cystids,  bryozoans,  brachiopods,  lamellibranchs,  gastropods, 
cephalopods  and  crustaceans,  or,  in  other  words,  of  marine  fossils. 

The  significance  of  the  eurypterid  fauna  of  the  Bertie  has  been 
interpreted  in  two  widely  different  ways  :  O’Connell  (1916,  p.  1-278), 
after  her  exhaustive  study  of  Eurypterida  with  the  purpose  of  estab¬ 
lishing  the  habitat  of  these  organisms,  has  reached  the  conclusion  that 
the  eurypterids  lived  in  rivers.  Her  conception  is  that  the  Bertie  at 
Buffalo  represents  the  flood-plain  or  delta  deposit  from  one  or  more 
rivers,  perhaps  built  in  playa  lakes.  Where  the  Bertie  is  eurypterid- 
bearing,  the  rock,  she  contends,  was  deposited  above  sea  level,  as 
a  subaerial  deposit.  O’Connell  states  that  in  the  Bertie  plant  re¬ 
mains  have  been  found.  “  The  plant  remains  are  important,  for 
many  of  the  specimens  of  Eurypterus  are  found  embedded  in 
Buthotrephis  lesquereuxi  (1916,  p.  87),  and  in  one  case  there  is  a 
large  mass  of  Buthotrephis  at  the  side  and  on  top  of  a  Eurypterus 
.  .  .  (Some  of  these  specimens  of  Buthotrephis  are  now  regarded 
as  graptolites).”  Hence  O’Connell  maintains  that  the  eurypterids 
drifted  into  their  present  position  and  so  became  mixed  with  a  marine 
or  euryhaline  fauna. 

Ruedemann  (1916),  p.  113-15)  attempts  to  refute  O’Connell’s 
belief  that  these  organisms  have  drifted  into  a  saline-marine  assem¬ 
blage  by  saying :  “  The  Buthotrephis  has  been  proved  in  this  paper 
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to  be  a  good  sessile  graptolite  of  the  genus  Inocaulis.  It  occurs  in 
the  waterlime  in  splendidly  preserved  colonial  stocks,  which  can  not 
have  drifted  any  great  distance.  The  lingulas  and  hormotomas 
[ Lingula  testatrix  Ruedemann  and  Hormotoma  gregaria  Ruede- 
mann]  occur  in  certain  layers  in  such  immense  quantities  that  they 
are  certainly  in  their  proper  surroundings  where  found.  .  .  .  There 
is  not  in  the  whole  assemblage  of  the  Bertie  waterlime  a  single  genus 
that  could  be  considered  as  indicative  of  a  fresh  water  fauna,  and 
all  these  marine  forms  are  found  on  the  same  slabs  with  the 
eurypterids,  so  that  an  alternation  of  marine  and  fresh  water  con¬ 
ditions  can  not  be  assumed  either.” 

Ruedemann  “  has  for  some  time  been  engaged  in  the  study  of  a 
new  collection  from  the  Bertie  waterlime  containing  various  grapto- 
lites,  cephalopods  and  other  marine  forms,  and  it  is  his  intention  to 
take  up  again  in  .  .  .  [a  future]  paper  the  problem  of  the  habitat 
of  the  eurypterids,  at  least  as  far  as  the  Bertie  waterlime  is  con¬ 
cerned.  It  may  be  stated  here  that  his  conclusion  of  1916,  that  the 
eurypterids  of  the  Bertie  waterlime  are  associated  with  a  truly  marine 
fauna,  is  greatly  strengthened  by  the  new  material ;  furthermore,  that 
the  occurrence  of  the  eurypterids  there  is  such  that  they  undoubtedly 
inhabited  the  sea  at  the  localities  where  they  are  now  found.  ...  In 
regard  to  those  of  the  Bertie  waterlime,  the  assumption  that  they 
flourished  as  eury haline  forms  in  shore-lagoons  .  .  .  still  accounts 
best  for  the  peculiarities  both  of  their  distribution  and  of  the  strata 
in  which  they  are  found  ”  (1924,  p.  230-31). 

In  this  promised  paper  (1925,  p.  12-13)  Ruedemann  says  that 
there  is  a  “  gradual  graduation  of  the  Bertie  waterlime  into  the  over- 
lying  .  .  .  Akron  dolomite  ”...  and  that  is  believed  to  be  the 
“  western  continuation  of  the  Cobleskill  limestone.”  “  The  close 
connection  of  the  .  .  .  [Cobleskill]  limestone  with  the  Bertie  sug¬ 
gests  the  view  that  the  Bertie  is  a  lagoon  deposit  formed  behind  coral 
reefs.  The  coral  reefs  during  Bertie  time  were  farther  south  ex¬ 
tending  from  east  to  west  or  rather  southwest,  the  coast  lying  north 
and  the  pool  running  from  east  to  west.  This  hypothesis  would 
explain  a  host  of  facts  much  more  readily  than  Doctor  O’Conneirs 
delta  hypothesis ;  especially  the  wide  horizontal  extension  and  relative 
thinness  of  the  Bertie  waterlime ;  the  presence  of  “  hopper-crystals  ” 
(salt  skeleton  crystals)  in  the  Bertie  such  as  are  also  found  in  the 
Camillus  and  which  indicate  a  highly  saline  condition  of  the  water; 
the  appearance  of  a  number  of  strange  fossils  .  .  .  which  point  to 
conditions  not  normally  marine,  but  well  reconcilable  with  those 
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existing  in  the  broad  lagoons  behind  the  reefs.  Considering  that 
the  Bertie  is  underlain  by  the  barren  Camillus  shale,  denoting  salt 
pan  conditions  and  overlain  by  the  marine  Akron  dolomite,  it  fol¬ 
lows  that  a  sinking  of  the  land  with  resulting  gradual  invasion. of 
the  sea  from  the  south  is  to  be  inferred.  It  is  significant  in  this 
connection  that  all  the  fossils  of  the  Bertie,  inclusive  of  the 
eurypterids,  are  found,  according  to  Mr  Reinhard,  in  the  uppermost 
Bertie  beds,  where  the  purely  marine  conditions  of  the  Cobleskill 
were  approached.  The  presence  of  marine  conditions  indicating  open 
sea  at  the  same  time  in  the  south  and  southwest  (Pennsylvania,  Mary¬ 
land  and  West  Virginia)  is  brought  out  by  the  work  of  Swartz 
(1923,  p.  40-50)  in  Maryland.” 

The  Culmination  and  Decline  of  the  Salina  Sea 

Hartnagel  (1903,  p.  1158-60)  has  made  a  very  suggestive  summary 
of  the  paleontologic  significance  of  the  Salina  of  New  York.  It  will 
be  understood  that  Hartnagel  regards  the  Cobleskill  and  the  Bertie, 
certainly  the  Akron,  as  stratigraphic  equivalents.  The  occurrence  of 
Guelph  and  Niagaran  species  in  the  Cobleskill  at  the  close  of  the 
Salina  is  very  suggestive.  The  limits  of  the  Salina  deposits  as  now 
known  are  marked  by  lower  (Pittsford)  and  upper  (Bertie) 
Eurypteridus  beds,  signifying  that  the  period  opened  and  closed  under 
similar  physical  conditions.  If  however,  we  start  at  the  close  of  the 
Niagaran  period,  we  find  the  first  indication  of  increasing  salinity, 
and  with  this  change  came  the  Guelph  fauna  (Clarke  &  Ruedemann, 
I9°3).  “  With  the  ever  increasing  salinity  of  the  waters  the  Guelph 
fauna  retreats,  and  next  in  the  black  Pittsford  ‘  shale  ’  at  the  base 
of  the  Salina  there  occur  Eurypteridi,  and  with  them  constantly 
associated  a  species  of  Lingula.  With  the  retreat  of  this  fauna  we 
find,  as  physical  changes  went  on,  deposits  of  gypseous  shales  (Hart¬ 
nagel,  1903,  p.  1159)  and  later  the  salt  beds.  The  deposition  of  these 
great  beds  of  rock  salt  marks  the  turning  point  in  this  cycle,  at  which 
time  the  Salina  sea  contained  very  little  if  any  water  at  all.  With  the 
increasing  depth  of  the  sea,  beds  of  gypsum  were  again  deposited, 
but  never  again  were  the  conditions  favorable  for  the  deposition  of 
extensive  beds  of  rock  salt.”  This  can  be  expressed  in  another  way, 
that  the  cycle  of  events  from  the  salt  beds  upward,  to  and  including 
the  Cobleskill,  is  the  mirror  image  of  what  went  before  from  the 
Guelph  up  to  the  salt  horizons. 
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SEDIMENTATION 

The  Vernon 

The  typical  red  Vernon  shale  has  been  interpreted  by  Grabau 
(1913,  p.  569)  as  a  land  deposit  of  wind-blown  loess.  He  maintains 
that  the  color  alone  is  a  safe  criterion  for  terestrial  formations. 
The  color  is  unquestionably  dependent  upon  the  oxidation  of  the 
iron  content  present  in  the  elastics.  Ferrous  compounds  produce 
greens,  while  ferric  compounds  result  in  browns  and  reds;  The  color 
of  such  sediments  is  modified  by  the  presence  of  carbon,  which  tends 
to  retain  the  iron  in  the  ferrous  condition.  The  actual  amount  of 
carbonaceous  matter  present,  however,  is  small,  and  little  or  no 
difference  in  content  has  been  seen  in  the  green  and  red  shales. 
Under  the  arid  climatic  conditions  that  undoubtedly  prevailed  at  this 
time  the  amount  of  organic  material  was  exceedingly  limited,  and 
consequently  the  carbon  content  of  erosional  debris  was  low,  per¬ 
mitting  the  oxidation  of  the  iron  to  the  ferric  condition  and  resulting 
in  red  colors. 

W.  J.  Miller  (1910,  p.  150-56)  applied  this  principle  to  the  Vernon 
shale  from  Clinton  and  reached  the  conclusion  that  the  color  is  due 
to  the  presence  of  dehydrated  ferric  oxide  in  a  finely  divided  con¬ 
dition  which  reached  that  state  through  the  agencies  of  pressure  and 
moderate  temperature  subsequent  to  deposition.  Barrell  (1908,  p. 
290-91)  reached  a  similar  conclusion  in  regard  to  the  beds  associated 
with  the  salt  and  gypsum  deposits  of  Nova  Scotia  (which  are  of  later 
age  than  those  of  New  York).  I  have  studied  the  Vernon  red 
shales  from  a  number  of  widely  separated  outcrops  and  have  reached 
the  same  conclusion  regarding  the  origin  of  the  color,  and  feel  con¬ 
fident  that  it  is  the  product  of  processes  subsequent  to  its  deposition. 
I  differ,  however,  from  Grabau,  who  considers  it  to  be  a  loess  deposit. 
I  believe  that  it  is  the  delta  silt  deposit  of  a  river  flowing  from  a 
desert  area  into  playa  lakes  or  lagoons.  This  is  inferred  from  field 
work  and  from  petrographic  and  chemical  studies.  Field  observa¬ 
tions  show  that  the  material  is  distinctly  bedded,  especially  in  prox¬ 
imity  to  the  interbedded  green  shales  near  the  base  and  top  of  the 
formation.  Examples  of  sun  cracks  were  found  in  a  number  of 
localities,  especially  along  Steele’s  creek  in  the  Ilion  gulf.  Cross 
bedding  was  suspected  in  a  few  instances. 

The  petrographic  studies  show  that  the  quartz  grains  which  make 
up  20  to  30  per  cent  of  the  rock  are  less  than  0.1  mm  in  diameter  and 
are  very  angular.  Walther,  (1903)  (Grabau,  1913,  p.  97)  and  others 
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believe  that  waves  and  rivers  are  incapable  of  rounding  sand  grains  of 
that  size  or  smaller,  regarding  wind  action  alone  efficacious  in  the 
process.  While  it  is  difficult  to  arrive  at  a  clear  conclusion,  yet  the 
inference  is  strong,  even  from  their  own  criteria,  that  the  grains 
have  not  been  subjected  to  wind  action,  but  that  they  were  water  laid. 

Further  light  upon  the  nature  of  the  Vernon  shale  is  obtained  from 
a  consideration  of  chemical  analyses  and  their  comparison  in  terms  of 
mineral  constituents,  obtained  by  the  process  of  recasting.  The 
method  of  calculating  the  percentages  of  the  component  minerals  is  a 
duplex  one;  based  upon  quantitative  microscopic  analyses,  (Ailing, 
1918,  p.  50)  and  upon  the  application  of  the  principles  of  the  quantita¬ 
tive  classification  of  igneous  rocks  (Cross,  Iddings,  Pirsson,  Wash- 
ington,  1903). 

Table  8 


Analyses  of  Vernon  shale 


RED  SHALE 

GREEN  SHALE 

I 

2 

2a 

3 

4 

Si02 . 

52.30 

56.90 

56.90 

57  79 

33-14 

AI2O3 . 

18. 85 

24.14 

24.14 

16.15 

11.26 

Fe203 . 

6-55 

6.26 

6.26 

5.20 

2.31 

FeO . 

1 .26 

1 .26 

1 .06 

CaO . . . 

3-36 

•94 

.94 

2-73 

16.50 

MgO . 

4.49 

1-37 

1-37 

4.67 

8.77 

K20 . 

4.65 

5.06 

3-69 

4. II 

2.56 

Na20 . 

i-35 

2.36 

1 .00 

1.22 

1. 21 

C02 . 

3-04 

1.08 

1.08 

3-42 

20.48 

H20 . 

5.30 

4-36 

4-36 

4-50 

2.88 

Total . 

99.89 

103.73 

100.00 

99  79 

100.17 

1  and  3  Specimen  from  Warner’s  Onondaga  county,  N.  Y.  State  Mus. 
49th  Ann.  Rep’t  v.  2,  p.  692 

2  and  4  Specimens  collected  by  H.  L.  Ailing,  analysis  by  H.  F.  Gardner, 
N.  Y.  State  Museum  laboratories 

2  Original  analysis.  Gardner  reports  that  the  alkalies  are  undoubtedly 
too  high 

2a  is  2  altered  to  total  100,  by  reducing  per  cent  of  the  alkalies 
2  is  from  Oneida  Center;  4  is  green  marlite  from  Pittsford,  Monroe  county 
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Table  9 


Analyses  of  Vernon  shale  recast  in  terms  of  minerals 


MINERAL,  FORMULA 

1 

2a 

3 

4 

Quartz,  Si02 . . . . . 

20.88 

18.67 

31.75 

14.26 

Sericite,  KH2Al2(Si04)3 . 

32. 16 

27.07 

37.30 

17.53 

Paragonite,  NaH2Al2(Si04)3 . . 

I3-9I 

10.66 

8.13 

12.45 

Chlorite,  H2Al2(Mg,Fe) . 

7.36 

4. 12 

11.85 

1.95 

(Si04)3.  3H20 

Epidote,  Ca2Al2(A10H) . . . 

8.28 

1-75 

2.91 

5-74 

(Si04)3 

Dolomite,  (Ca,Mg)C03 . 

6.18 

2.58 

7.32 

43.10 

Kaolinite,  H2Al2(Si03)2.H20.  . . 

8.81 

28.05 

Hematite,  Fe203 . . . . 

2 . 00 

5 . 7S 

Water,  H20 . . . . . 

.81 

•35 

1 .08 

Salt,  NaCl . 

.  65 

Gypsum,  CaSC>4.2H20. . . . 

Trace 

Trace 

Trace 

Trace 

Total . 

99-39 

100.00 

99.91 

96.20 

1 

Now  it  has  been  suggested  that  the  Vernon  is  a  consolidated  loess 
deposit  and  hence  a  comparison  of  analyses  of  loess  with  those  of 
the  shale  will  be  illuminative. 


Si02 . 

AI2O3 . 

Fe203. . . . . 

FeO . 

CaO . 

MgO ..... 

K20 . 

Na20 . 

C02 . 

h2o...... 

Accessories 
Total . 


Table  10 
Analyses  of  Loess 


5 

6 

7 

60.69 

71.20 

67.10 

7-95 

18.56 

11.76 

2.61 

1-34 

3-35 

.67 

•15 

.56 

8.96 

.14 

4.08 

4-56 

.52 

2.06 

1.08 

•32 

2.03 

1. 17 

1.26 

1.39 

9.62 

3-47 

1. 14 

1 . 16 

6.30 

.88 

3-79 

99.61 

100.67 

99.68 

5  Loess,  Vicksburg,  Miss.  Chamberlain  and  Salisbury.  6th  Ann.  Rep’t 
U.  S.  G.  S.  p.  282 

6  Loess.  Fuller  and  Clapp.  Geol.  Soc.  Amer.  Bui.  v.  14,  p.  159 

7.  Average  of  seven  analyses,  F.  W.  Clarke,  U.  S.  G.  S.  Bui.  616,  p.  510 
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The  loess  shows  a  higher  silica  content  than  the  Vernon,  a  de¬ 
ficiency  in  alumina,  ferric  and  ferrous  oxides,  and  potash.  The  shale 
contains  more  potash  than  soda,  while  the  loess  contains  the  alkalies 
in  the  reverse  order  or  in  nearly  equal  amounts.  It  must  be  re¬ 
membered,  however,  that  the  loess  is  comparatively  unconsolidated 
and  that  the  minerals  are  but  little  decomposed  (katamorphosed) 
in  contrast  to>  the  shale.  This  fact  is  strikingly  demonstrated  when 
analysis  (7)  is  recast.  The  analysis  itself  forbids  recasting  on  the 
basis  that  the  component  minerals  are  the  hydrated,  micaceous  forms. 
They  are  probably  therefore  unaltered  feldspars  etc.,  as  is  shown 
in  analysis  (7'). 

Table  ii 

Average  analysis  of  seven  Loesses  recast 


Quartz . 

Sericite . 

Orthoclase,  KAlSi308. 

Paragonite . . 

Albite,  NaAlSi308. . . . 

Chlorite . . . 

Anorthite,  CaAl2Si208 

Epidote . 

Dolomite . 

Hematite . 

Water . 

Total . 


7' 

ORIGINAL 

UNCON¬ 

SOLIDATED 

7" 

INDURATED 

INTO  A  SHALE 

45-25 

49.OO 

12.66 

I4.9O 

3.22 

10.80 

H-59 

•97 

•99 

12-59 

10.92 

7-30 

7.46 

3-35 

3-41 

3-32 

2.42 

99-69 

99.90 

If  some  soda  is  assumed  to  have  been  lost  as  carbonate,  as  well  as 
some  other  changes  in  the  process  of  shale  formation,  such  as  the 
hydration  of  secondary  products,  an  analysis  can  be  obtained  that 
is  much  more  available  for  comparison.  Still  in  (7")  there  is  an 
excess  of  quartz  and  epidote,  a  deficiency  of  sericite,  chlorite  and 
kaolinite  which  shows  that  there  is  some  marked  difference  between 
loess  and  the  Vernon  shale.  While  I  do  not  wish  to  give  the  im¬ 
pression  that  unwarranted  confidence  has  been  placed  in  these  com¬ 
parisons,  yet  I  do  feel  strongly  inclined  to  view  the  Vernon  as  repre¬ 
senting  a  deposit  other  than  a  consolidation  of  loess.  It  seems  more 
probable  that  it  is  a  rock  derived  from  river  silt. 
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Table  12 


River  silts 


8 

9 

10 

11 

50.14 

4.77 

2.69 

45.02 

7-83 

9.16 

49.67 

11.98 

H-73 

45.10 

15-95 

13-25 

A1203 . 

F6203  . . . 

FeO . . . 

CaO . . . 

•77 

•34 

•55 

•54 

30.76 

1.24 

•32 

•4t 

? 

24.08 

6.32 

.88 

.27 

1.29 

.69 

4-85 

2.64 

1.95 

•85 

MgO . . . 

K20. . 

Na20 . 

CaC03 . . . . 

MgC03 . . . 

S03 . 

•34 

15-54 

H20 . . . . . 

Loss . . 

■99 

1.66 

•35 

5.20 

6.85 

23.21 

MnO. . 

FeCOa . 

Total . . 

100.00 

100.00 

99.72 

100.47 

8  Rhine  silt,  delta  in  Lake  Constance.  Analysis  by  Bischof 

9  Danube  silt  at  Vienna.  Bischof 

10  Vistula  silt  at  Culm.  Bischof 

11  Nile  Mud.  C.  V.  John.  All  taken  from  F.  W.  Clarke.  U.  S.  G.  S. 
Bui.  616,  p.  505,  1916 

It  will  be  evident  that  the  silica  content  of  the  above  river  silts  is 
of  the  same  order  of  magnitude  as  that  of  the  Vernon ;  the  alumina 
and  alkalies  slightly  less.  Emphasis  can  quite  properly  be  placed 
upon  analysis  (11)  as  representing  that  of  a  delta  of  a  river  similar 
to  those  which  it  is  believed  existed  during  Salina  times ;  a  river 
draining  a  desert  area.  It  would  have  been  desirable  to  have  tabulated 
the  analyses  of  river  silts  flowing  from  such  areas  into  saline  waters, 
but  “  analyses  of  river  silt  or  mud  are  not  very  numerous,  nor  are 
they  always  comparable”  (Clarke,  1916,  p.  510).  On  recasting, 
the  analysis  of  the  Nile  mud  becomes  very  similar  to  that  of  the 
Vernon.  The  two  sets  of  recast  analyses  are  tabulated  below. 
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Table  13 


MINERAL 

NILE  MUD 

RED  VERNON  SHALE 

II' 

j  / 

2a' 

Quartz . 

21.30 

15.35 

9.46 

l6.80 

23.05 

20.88 

32.16 

1391 

7-36 

8.28 

8.81 

2.00 

.81 

Trace 

18.67 
27.07 
10.66 
4.12 
1-75 
28.05 
5-75 
•  35 
Trace 

Sericite . .  . . . . 

Paragonite . 

Chlorite . 

Epidote  and  Uralite . 

Kaolinite . 

Hematite . 

Water . 

3-42 

10.00 

■  77 

Gypsum . 

Total . 

100.15 

99-39 

100.00 

While  the  quartz,  paragonite  and  hematite  are  of  the  proper  order 
of  magnitude,  the  silt  is  low  in  sericite  and  kaolinite,  and  excessive 
in  the  ferromagnesian  minerals.  Yet  there  is  a  better  agreement 
between  the  silt  and  the  shale  than  between  the  loess  and  the  shale. 

The  geological  reasons  for  believing  that  the  Vernon  is  a  river 
deposit  are  that  the  interbedded  green  shales,  marlites  and  water- 
limes  are  without  doubt  marine  formations  which  do  not  give  the 
appearance  of  being  deposited  near  the  shore.  Evidence  is  accumu¬ 
lating  to  the  effect  that  the  abrupt  termination  of  the  Vernon  in 
eastern  New  York  is  caused  by  an  overlap;  the  thinning  of  the 
formation  is  from  the  bottom  up  and  not  from  the  top  down,  and  is 
due  to  overlap  upon  a  previous  land  surface.  Consequently  there  is 
but  little  data  to  be  secured  bearing  upon  the  delta  origin  of  the 
Vernon  in  the  east.  Our  knowledge  of  the  western  margin  is  very 
incomplete.  There  are  at  least  two  interpretations  of  the  change  in 
the  color  of  the  Salina,  from  red  to  gray,  in  passing  from  the  Genesee 
Valley  to  Buffalo:  (1)  That  the  Vernon  is  overlapped  by  the 
Camillus.  (2)  That  the  red  shales  inter  finger  the  gray  shales  by  a 
graduational  change. 

It  is  believed  that  the  theory  that  the  Vernon  is  a  river  silt  deposit 
would  be  in  harmony  with  the  latter  interpretation. 

If  the  Vernon  is  a  river  deposit  the  question  arises  regarding  its 
correlations.  In  the  Shawangunk  conglomerate  we  possess  a  forma¬ 
tion  that  may  well  be  correlated  chronologically  as  well  as  genetically 
with  the  Vernon.  Grabau  has  already  suggested  a  fluvial  origin  of 
this  formation.  It  seems  to  me  that  the  geologic  age  of  the  Shawan- 
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gunk  is  still  a  matter  of  dispute.  Schuchert  (1916,  p.  531-54)  and 
Van  Ingen  (1911,  p.  905)  believe  that  it  is  of  Medina  age  while 
Grabau  (1906,  p.  123)  and  Hartnagel  (1907,  p.  50)  are  inclined  to 
assign  a  Salina  age  to  it.  The  presence  of  eurypterids  in  the  Shawan- 
gunk  has  been  proposed  as  evidence  of  its  Pitts  ford  age.  But  the 
presence  of  the  genus  Hughmilleria  in  both  the  Shawangunk  and 
Schenectady  beds  (the  latter  of  Ordovician  age)  makes  questionable 
the  value  of  eurypterids  as  index  fossils.  Schuchert  bases  his  conten¬ 
tion  for  the  Medina  age  upon  the  finding  of  Arthrophycus  allegha- 
niense  in  the  Shawangunk  at  Otisville.  The  value  of  “worm”  trails 
and  burrows  as  horizon  markers  is  questionable.  The  Shawangunk, 
lithologically,  may  be  of  Oneida,  Clinton  (Herkimer),  Vernon,  or 
Medina  age  as  far  as  our  present  knowledge  is  concerned.  If,  how¬ 
ever,  it  is  of  Vernon  age  the  hypothesis  here  suggested  would  be  in 
accordance  with  the  facts.  Thus  the  Vernon  may  represent  the  fine 
silts  of  the  Shawangunk  river,  flowing  northward  into  the  area  over 
which  the  later  Camillus  waterlimes  and  marlites  were  deposited. 

Another  possible  correlation  is,  however,  suggested :  that  the  High 
Falls  and  the  Longwood  shales  of  southeastern  New  York  and  New 
Jersey  are  of  Vernon  age.  These  beds  are  red  shales  that  may  well 
be  so  related.  Our  present  knowledge  is  too  meager  to  permit  a 
definite  conclusion,  yet  there  seems  no  adequate  reason  why  the 
Vernon  can  not  be  a  river  silt  deposit  and  perhaps  correlated  with 
either  the  Shawangunk  or  the  High  Falls— Longwood  beds. 

It  has  already  been  shown  that  a  completely  satisfactory  correlation 
between  the  lower  Cayugan  of  New  York  and  Maryland,  upon 
paleontological  grounds,  is  impossible.  The  close  lithologic  re¬ 
semblance  between  the  two  series  is  certainly  highly  suggestive,  as 
has  already  been  pointed  out. 

There  remains  the  method  of  investigating  the  climatic,  physical 
and  diastrophic  evidence.  Swartz  points  out  that  we  possess  excellent 
information  for  a  tentative  solution  of  this  problem.  In  New  York 
the  Salina  consists  of  the  thick  red  Vernon,  practically  barren  of 
fossils,  overlain  by  the  argillaceous,  lime-mud  rocks  carrying  salt 
and  anhydrite  which  of  course  indicates  arid  conditions  of  sedi¬ 
mentation.  The  McKenzie-Bloomsburg-Wills  Creek  beds  in  Mary¬ 
land  suggest  the  same  thing.  In  New  York  the  red  beds  occupy 
to  a  large  extent,  certainly  on  the  outcrop,  the  interval  between  the 
Lockport  and  the  commercial  beds  of  rock  salt.  In  Maryland,  in 
contrast,  red  beds  appear  only  at  the  base  of  the  Wills  Creek,  where 
the  salt  hopper  crystals  occur.  In  going  eastward  in  Maryland  the  red 
beds  occupy  a  greater  and  greater  thickness  of  the  formation,  until  in 
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the  North  mountains  they  occupy  a  large  part  of  the  Wills  Creek. 
East  of  this  locality  the  rocks  have  been  removed  by  erosion  but  judg¬ 
ing  from  what  is  known,  it  is  clear  that  it  would  not  be  necessary  to  go 
much  farther  before  the  entire  formation  was  composed  of  red  beds, 
overlying  which  the  salt-bearing  rocks  would  appear. 

Swartz  believes  that  “  the  open  sea  lay  towards  Maryland  where 
marine  strata  would  occupy  the  same  horizon  as  the  red  beds  of  New 
York.  Due  to  oscillations  of  the  sea  the  red  deposits  of  the  northeast 
would  intertongue  with  gray  marine  deposits  in  the  southwest,  with 
an  increasing  amount  of  marine  formations  towards  the  open  sea. 
Marine  fossils  actually  occur  in  ever  increasing  numbers  to  the 
southwest,”  More  fossils  are  found  in  the  beds  of  the  same  age  in 
Maryland  than  in  Pennsylvania,  and  more  in  the  strata  of  Pennsyl¬ 
vania  than  is  the  case  in  New  York.  “  Indeed,  a  change  is  manifest 
even  in  such  narrow  limits  as  are  presented  in  the  State  of  Maryland, 
marine  forms  appearing  in  ever  increasing  numbers  toward  the 
southeast,  where  arenaceous  deposits  give  way  to  shale  and  then  to 
limestone”  (Swartz,  1923,  p.  210). 

The  Camillus 

It  is  concluded,  therefore,  that  the  salt-bearing  strata  of  the  two 
states  are  synchronous;  that  the  gray-colored  Wills  Creek  of  Mary¬ 
land  is  the  esturine  and  marine  phase,  and  that  it,  together  with  the 
McKenzie  formation,  corresponds  to  the  Vernon  and  Camillus  of 
New  York.  The  boundary  between  the  Vernon  and  the  Camillus 
on  the  one  hand,  and  the  McKenzie  and  Wills  Creek  on  the  other, 
may  be  a  migratory  one  not  at  a  fixed  horizon,  but  diagonally  passing 
up  and  down  through  the  series.  Such  a  suggestion  - —  for  it  is  not 
more  than  a  suggestion  —  is  decidedly  a  departure  from  the  customary 
conception  entertained.  An  excellent  illustration  is  that  of  the  so- 
called  marine  Chemung  and  the  red  Catskill  of  Devonian  age.  Both 
of  these  cases  show  that  the  red  Silurian  beds  and  the  Devonian  red 
beds  do  not  have  an  equal  time  value,  but  that  Salina  sedimentation 
began  earlier  in  the  east  and  that  it  continued  longer  there  and  conse¬ 
quently  the  beds  are  thicker  in  that  direction. 

The  Bertie 

O’Connell,  realizing  that  an  appreciation  of  the  origin  of  the  Bertie 
waterlime  as  a  sediment  had  a  direct  bearing  upon  the  problem  of 
the  habitat  of  the  eurypterids,  investigated  the  Bertie  at  Buffalo  in 
this  light.  In  discussing  the  subject  of  origin  it  is  necessary  to 
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understand  the  meaning  of  the  term  “  origin.”  Doctor  Galloway 
holds  that  “  origin  ”  should  cover  ( i )  derivation  or  source  of 
material;  (2)  the  transportational  history  of  the  material;  and  (3) 
the  deposition  of  that  mineral. 

O’Connell  says  (1916,  p.  108):  “Such  a  fine-grained,  stratified 
rock  might  have  been  deposited  in  one  of  the  following  four  ways, 
and  these  appear  to  cover  all  possibilities:  (a)  by  chemical  precipi¬ 
tation;  (b)  by  bacterial  precipitation;  (c)  by  the  formation  of  an 
organic  accumulation  of  calcareous  shells  or  plants,  or  both;  ( d )  by 
the  accumulation  of  clastic  or  fragmental  material.” 

Chemical  origin:  O’Connell  does  not  believe  that  the  Bertie  was 
deposited  by  chemical  precipitation  because  it  is  stratified.  She 
holds  that  a  massive  rock  is  more  likely  the  result  of  such  formation. 
Her  conception  of  chemical  precipitation  is  a  process  during  which 
no  currents  supply  fresh  material.  The  presence  of  silica  and 
alumina  caused  her  to  seek  another  origin  for  the  Bertie.  O’Connell’s 
reasoning  is  too  simple.  The  argument  that  stratification  prohibits 
chemical  origin  is  not  convincing.  Experimental  work  shows  that 
lamination  of  lime-muds  is  produced  even  when  continuous  precipi¬ 
tation  and  sedimentation  take  place.  The  rate  of  precipitation,  and 
the  temperature  under  which  the  experiments  are  conducted,  all 
affect  the  amount  of  lamination  (Kindle,  1924,  p.  42).  The  alumina 
and  silica  as  well  as  lime-muds  may  be  formed  by  precipitation. 
O’Connell  does  not  consider  any  other  system  than  one  of  a  few 
components.  We  know  that  the  solutions  of  a  euryhaline  sea  are 
complex  and  not  simple.  We  can  conclude  that  a  chemical  origin 
is  not  necessarily  impossible. 

Organic  origin:  “If  the  Bertie,”  continues  O’Connell,  “were  an 
organic  deposit,  its  fine  texture  would  permit  of  only  two  types  of 
organisms  active  in  its  formation,  namely  the  protozoa  or  the  algae.” 
Would  it  ?  Probably  not.  “  The  microslide  of  the  Bertie  shows  no 
trace  of  any  of  these  organisms.”  From  what  division  of  the  Bertie 
was  the  single  microslide  prepared?  There  are  shales  as  well  as 
blocky  waterlimes  in  the  Bertie  series.  A  single  slide  can  not  possibly 
convey  a  true  conception  of  the  Bertie  series.  As  to  the  lack  of 
evidence  for  the  presence  of  organisms  in  the  Bertie,  let  me  quote 
from  her  own  paper :  “  There  are  also  many  fine  black  specks, 
probably  of  carbonaceous  matter.”  She  does  not  say  what  she  be¬ 
lieved  this  carbonaceous  matter  to  signify.  Furthermore,  there  has 
been  some  recrystallization  which  would  have  destroyed  small  struc¬ 
tures.  Bacteria  in  warm  seas  can  precipitate  lime-muds.  This  is 
probably  true,  but  that  the  Bertie  could  not  have  been  formed  by 
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such  process  because  it  contains  silica  and  alumina  to  the  extent  of 
28.98  per  cent  is  probably  not  true.  “  Since  the  chemical  and  micro¬ 
scopic  study  [one  analysis  and  one  slide]  of  the  Bertie  proves  [my. 
italics]  the  impossibility  of  either  chemical  or  an  organic  origin,  we 
must  conclude  that  the  rock  is  a  clastic.” 

Clastic  origin:  To  my  mind  O’Connell’s  arguments  for  a  clastic 
origin  are  difficult  to  follow.  She  says :  “  There  seems  to  be  no 
escape  from  the  conclusion  that  these  lime-muds  of  the  Bertie  repre¬ 
sent  the  flood-plain  or  delta  deposits  from  one  or  more  rivers,  or 
else  that  they  accumulated  as  playa  lake  deposits.  Of  course,  the 
nature  of  the  deposit  demands  a  source  of  supply  in  which  calcareous 
material  plays  a  dominant  role.”  O’Connell,  following  Grabau,  holds 
that  “  the  only  available  source  of  the  lime  in  the  Bertie  is  from  the 
muds  derived  by  the  erosion  of  an  older  magnesian  limestone,  the 
Niagaran,  or  in  some  cases,  perhaps,  the  Trenton  ”  (O’Connell,  1916, 

p- 113)- 

I  am  inclined  to  agree  with  Williams  (1919,  p.  87)  that  the  Bertie 
series  “  appears  to  be  sediments  derived  from  older  rocks  laid  down  in 
a  shallow  sea.  The  water  was  probably  too  salty  and  too  muddy 
to  favor  the  development  of  diversified  life.” 

In  seeking  for  a  source  of  these  lime-muds,  O’Connell  calls  upon 
the  Niagaran.  It  is  quite  possible  that  the  disintegration  of  this  lime¬ 
stone  formation  supplied  the  material  for  the  Bertie.  It  is  known 
that  the  upper  portions  of  the  Lockport-Guelph  are  more  argillaceous 
than  the  middle  and  lower  sections,  which  of  course  supports  such  a 
contention.  But  too  hasty  an  acceptance  of  this  ignores  the  fact  that, 
along  the  strike  in  New  York,  the  Salina  overlaps  the  Niagaran. 
Much  the  same  condition  prevails  in  Pennsylvania  and  in  Maryland. 
There  was  not  much  erosion  if  any  of  the  Niagaran  in  these  states. 
Of  course  it  is  possible  to  call  upon  the  Niagaran  of  Canada  north 
of  New  York  State.  Elsewhere  it  has  been  suggested  that  the  salt 
deposits  of  New  York  are  situated  upon  the  northern  rim  of  a 
depositional  basin.  It  is  apparent  that  the  salt  beds  did  not  extend 
many  miles  farther  north  than  they  do  now,  but  that  does  not  give 
us  any  clue  how  far  the  Vernon  and  the  Camillus  extended  north¬ 
ward  even  though  salt  may  not  have  been  deposited  with  them.  Since 
the  Salina,  if  formerly  present,  has  been  removed  from  Canada, 
north  of  New  York  State,  there  is  no  evidence  that,  during  Bertie 
times,  some  portion  of  the  Niagaran  rocks  situated  there  furnished 
these  lime-muds.  Nor  is  there  any  evidence  to  the  contrary;  a  type 
of  reasoning  that  leaves  us  in  the  dark.  It  is  possible,  of  course, 
to  suggest  that  material  came  from  areas  that  are  no  longer  exposed 
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to  our  view.  We  might  postulate  a  continent  to  the  east  of  the 
present  Atlantic  coast.  Any  of  the  suggestions  here  proposed  may 
suffice,  yet  it  is  perhaps  best  to  have  a  suspended  judgment  regarding 
the  source  of  the  Bertie  lime-muds. 

We  still  need  to  discuss  the  means  of  transportation  of  this 
material.  O’Connell,  as  above  stated,  proposed  that  rivers  were  the 
means  of  transporting  the  muds.  If  we  are  inclined  to  accept  this 
view  it  does  not  in  any  way  involve  the  question  of  the  habitat  of  the 
eurypterids ;  the  two  questions  are  independent.  Such  fine  muds  have 
been  considered  by  many  to  imply  deep  water  deposition,  some  dis¬ 
tance  from  the  shore.  Such  a  condition  is  not  necessarily  applicable 
to  the  conditions  here  found.  The  velocity  of  such  postulated  rivers 
must  have  been  low ;  the  lack  of  coarse  material  in  the  Bertie  as  such 
suggests  low,  flat  lying  land  areas  surrounding  the  Bertie  basin.  The 
saline  character  of  the  sea  would  imply  rapid  precipitation  of  these 
muds  on  contact  with  the  salts  of  the  Bertie  basin,  which  would 
destroy  by  electrolytic  action  the  suspensionoids  in  the  comparatively 
fresh  river  waters. 

On  the  basis  that  the  Bertie  mud-rocks  are  clastic  in  origin, 
the  presence  of  argillaceous  minerals  and  quartz  is  easily  accounted 
for,  yet  other  modes  of  origin  may  well  explain  their  presence.  The 
matter  sums  up  to  this :  Our  actual  knowledge  of  the  deposition 
of  lime-muds  in  a  euryhaline  sea,  their  source  and  mode  of  trans¬ 
portation  is  so  limited  that  any  further  remarks  would  be  highly 
speculative. 

PALEOCLIMATOLOGY 

It  would  seem  necessary  to  postulate  an  arid  climate,  if  not  actual 
desert  conditions,  during  Vernon  and  Camillus  times.  Desert  climate 
of  the  Salina  would  not  be  unique  in  earth  history.  We  find  that 
the  climate  of  mid-latitude  zones  fluctuated  through  alternate 
periods  of  warmth  and  cold.  In  many  cases  warm  periods  were 
closed  by  mountain  building,  which  in  turn  was  followed  by  cool  to 
cold  climate,  frequently  intense  enough  to  produce  glaciation.  Geo¬ 
logical  students  of  diastrophism  and  orogenetic  disturbances  have 
frequently  emphasized  the  periodic  relationship  between  fluctuations 
in  climate  and  mountain  building.  Such  relationships  apparently 
occur,  but  it  may  be  questioned  whether  there  is  any  genetic  connec¬ 
tion  between  the  two  phenomena.  There  is  a  sequence  of  events. 

The  profound  orogenetic  disturbance  of  the  Proterozoic  were  fol¬ 
lowed  by  Huronian  glaciation  in  Canada.  The  Caledonian  orogeny 
preceded  the  Silurian  ice  age.  The  Appalachian  revolution  fore- 
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shadowed  Carbonaceous-Permian  glaciation,  and  so  on.  The  climate 
of  the  intervening  periods  was  correspondingly  warm,  peneplanation 
took  place,  coral  reefs  grew  in  the  polar  seas,  and  salt,  with  accom¬ 
panying  red  beds  was  deposited. 

Here  we  are  seeking  a  cause  of  warm  climates.  A  glaciologist 
attempts  to  explain  cold  climates  and  hence,  paradoxically  as  it  may 
seem,  we  have  much  in  common.  Explanations  of  desert  conditions 
should  be  consistent  with  theories  offered  to  account  for  glaciation. 
One  group  of  paleoclimatologists  claim  a  periodicity.  They  assemble 
and  plot  data  as  in  figure  3.  They  point  out  the  periodic  cycles 
through  which  the  climate  of  the  earth  has  passed.  “  Two  cycles 
seem  to  be  shown  in  the  .  .  .  geological  record.  The  minor  cycle 
recurs  every  200,000  years  or  thereabouts,  and  has  determined  the 
duration  of  the  four  Pleistocene  ice  ages.  .  .  .  The  major  cycle  is 
about  100,000,000  years  long,  and  we  have  a  record  of  ”  at  least 
four  such  major  cycles  since  Proterozoic  times.  “  The  minor  cycles 
are  superimposed  on  the  major  cycles  in  such  a  fashion  that  in  each 
major  cycle,  after  long  ages  of  fairly  uniform  climate  throughout 
the  world,  there  appears  a  zonal  arrangement  of  climates.  This 
culminates  at  the  .  .  .  great  ice  epochs,  that  is,  Proterozoic, 
Cambrian-Ordovician,  Silurian-Devonian,  Carbonaceous-Permian, 
and  Pleistocene”  (Taylor,  1919,  p.  289). 
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1  Temperature  curve,  modified  from  Schuchert. 

2  Periods  of  glaciation,  data  taken  from  Geikie,  Schuchert,  Coleman  and  others. 

3  Polar  temperatures  taken  from  Taylor. 

4  Mid-latitude  temperatures,  minor  cycles  of  200,000  years  superimposed  upon 

the  major  or  100,000,000  year  cycles.  After  Taylor. 

5  Equatorial  temperatures.  After  Taylor. 

6  Periods  of  mountain  building,  modified  from  Schuchert. 

7  Salt  depositional  periods,  data  from  Geikie. 

8  Red  bed  accumulation,  after  Schuchert. 

9  Time  of  polar  coral  reefs,  Schuchert  and  Taylor. 


Chart  designed  to  show  the  variation  in  climatic  conditions  of  the  past.  It  has  been  drawn  from 
data  secured  from  Griffith  Taylor,  Schuchert,  Geikie  and  others. 


58 


NEW  YORK  STATE  MUSEUM 


A  study  of  the  chart,  figure  3,  shows  (1)  the  temperature  curve 
as  modified  from  Schuchert’s  diagram  (Schuchert  and  Osborn, 
1917)  ;  (Huntington,  1914,  p.  256).  Observe  how  the  curve  rises  and 
falls;  the  pronounced  drops  correspond  to  the  period  of  glaciation 
as  is  shown  by  the  row  of  triangles  in  row  2.  The  next  three  rows, 
3  to  5,  are  taken  from  Griffith  Taylor’s  chart  (1919,  p.  316).  Curve 
3  is  polar  temperatures,  ideally  expressed  by  the  smoothness  of  the 
curve.  Curve  5  is  that  for  the  equatorial  belt.  The  most  interesting 
of  the  three  is  that  of  the  mid-latitude  zones,  curve  4.  Here  the 
minor  cycles  of  200,000  years  are  superimposed  upon  the  major,  or 
100,000,000  year,  cycles.  The  minor  variations  seem  to  account  for 
the  interglacial  periods. 

The  periods  of  mountain  building,  line  6,  have  been  modified, 
after  Schuchert.  Note  especially  the  coincidence  of  mountain  build¬ 
ing,  low  temperatures,  similarity  of  polar  and  equatorial  climate,  and 
periods  of  glaciation. 

We  are  especially  interested  in  the  periods  of  salt  deposition.  The 
information  for  these  has  been  secured  from  Geikie  (1882,  p.  661, 
692,  704,  757,  759,  765),  Schuchert  (1914,  p.  265-98)  and  others. 
In  order,  from  left  to  right,  the  salt  beds  are  located  as  follows: 
Northern  India,  the  deposits  of  New  York  and  adjacent  states;  in 
Russia,  unidentified,  Zechstein  in  North  Germany,  and  the  Cheshire 
deposits  of  England.  Note  how  they  are  distributed  at  the  beginning 
and  at  the  close  of  the  major  cycles.  Associated  with  them  are  red 
beds,  row  8,  from  data  supplied  by  Schuchert.  The  last  row  shows 
periodic  development  of  coral  reefs  in  the  polar  regions.  The  sig¬ 
nificant  point  of  this  discussion  is  that  desert  conditions  and  salt 
deposition  are  apparently  periodic  occurrences  and  not  unique. 

On  the  other  hand,  another  group  maintain  that  “  at  irregular  [my 
italics]  intervals  throughout  [geologic]  history,  there  have  been  rela¬ 
tively  short  periods  of  cold  ”  (Coleman,  1926,  p.  246)  because  evidence 
of  glaciation,  prior  to  the  Pleistocene,  rests  upon  finding  tillites, 
striated  stones  and  boulder  clay  in  all  parts  of  the  world.  The  proba¬ 
bilities  of  finding  additional  tillites  in  unexpected  positions  in  the 
geologic  time  scale  are  so  likely  that  they  feel  that  any  periodicity 
based  upon  present  data  is  misleading. 

The  various  theories  have  been  tabulated  by  Scott  (1926,  p.  269) 
as  follows : 

Terrestrial  causes 

The  earth  as  a  whole 

Changes  in  the  eccentricity  of  the  orbit 
Shifting  of  the  earth’s  axis 
Shifting  of  the  earth’s  exterior  on  the  interior 
The  internal  heat  of  the  earth 
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Atmospheric  factors 

Variation  in  the  proportion  of  carbon  dioxide 

In  the  amount  of  suspended  volcanic  dust 

Oceanic  factors 

Variations  in  salinity 

Topographical  factors 

Changes  in  the  area,  altitude  and  disposition  of  the  land-masses 
Cosmical  causes 

Passage  through  cold  regions  in  space 

Variations  of  the  sun’s  activity 

To  which  may  be  added :  Passage  of  solar  system  through  gaseous  nebulae 
(Aiken,  1926,  p.  137) 

A  thorough  discussion  of  the  cause  of  the  fluctuations  in  climate  is 
hardly  within  the  province  of  this  paper.  A  brief  review  of  the 
various  theories,  however,  may  prove  of  interest. 

Lord  Kelvin  suggested  that  variation  in  solar  radiation  may  be  the 
cause.  Doctor  Abbott  of  the  Smithsonian  Observatory  states  that 
such  variations  actually  occur.  In  a  paper  read  before  the  National 
Academy  of  Science  Clayton  (April,  1925)  emphasized  this  factor. 
Scott  is  inclined  to  look  to  this  phenomenon  as  a  very  likely  factor. 
It  is  obvious  that  no  short  cycle  of  solar  change  will  serve  our  pur¬ 
pose.  Huntington  and  Visher  (1922)  have  proposed  a  solar  cyclonic 
hypothesis  which  they  maintain  “  accounts  not  only  for  ice  ages,  but 
also  for  times  of  aridity”  (Coleman,  1926,  p.  278).  They  hold  that 
cold  climate  occurs  during  sun  spot  periods  and  conversely  aridity 
when  sun  spot  activity  is  at  a  minimum. 

Humphreys  (1920;  1925,  p.  449-59)  has  stated  that  variation  in 
the  output  of  solar  energy  is  not  the  sole  nor  even  the  chief  cause 
“  of  all  of  the  numerous  climatic  changes  indelibly  recorded  in  the 
book  of  ages.”  The  sun  spot  cycle  is  a  little  over  11  years  in  length. 
The  change  is  of  the  order  of  1  degree  centigrade  and  the  shortness 
of  the  cycle  is  regarded  of  so  little  moment  that  we  can  dismiss  it 
from  our  consideration  as  a  factor  affecting  climate. 

The  orbit  of  the  earth  about  the  sun  does  vary  in  shape  and  there 
is  a  rotation  of  the  axis  of  the  earth  so  that  first  one  hemisphere  and 
then  the  other,  every  21,000  years,  has  its  winters  when  we  are 
farthest  from  the  sun  and  therefore  longest.  This  eccentricity  of 
the  earth’s  orbit  does  affect  our  climate  somewhat. 

Croll  propounded  his  theory  (1875;  1886)  of  changing  eccentricity 
of  the  earth’s  orbit.  His  periods  of  fluctuation  were  too  short 
(Keyes,  1926,  p.  49-74;  Richarz,  1926,  p.  97-108;  Koppen,  W.  & 
Wegener,  A.,  1925).  “  Had  ice  ages  occurred  with  the  rhyth¬ 

mical  regularity  which  Croll  postulated,  the  northern  and  southern 
hemispheres  must  each  have  had  40,000  of  them,  which  does  not 
seem  likely”  (Scott,  1926,  p.  270). 
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Astronomical  calculations,  others  believe,  show  that  such  changes 
are  exceedingly  small  and  may  not  account  for  desert  conditions  such 
as  probably  prevailed  during  Salina  times. 

We  may  be  tempted  to  employ  the  theory  that  the  obliquity  of  the 
ecliptic,  through  change,  would  cause  variation  in  climatic  conditions, 
but  we  find  that  celestial  mechanics  indicate  that  this  inclination 
can  never  vary  more  than  a  degree  or  two  on  either  side  within  a 
period  of  a  million  years  or  more. 

Since  the  earth  passes  closest  to  and  farthest  from  the  sun,  respec¬ 
tively,  about  two  and  a  half  minutes  later  from  year  to  year,  it  fol¬ 
lows  that  first  one  hemisphere  and  then  the  other  has  relatively  long 
cold  winters  and  short  hot  summers.  But  two  winter  extremes  do 
not  differ  in  absolute  temperature  more  than  2.8  degrees  centigrade. 
Because,  however,  of  the  storing  up  and  giving  out  of  heat,  the  oceans 
prevent  any  such  contrasts. 

Changes  in  earth  heat  is  a  factor  too  small  to  be  considered  here. 

Latitude  is  argued  as  an  important  cause  of  changes  in  climate. 
If  we  can  shift  latitude  by  a  shift  in  the  poles  of  the  earth,  we  might 
account  for  some  changes.  There  is  considerable  difference  of 
opinion  whether  such  a  shift  is  possible. 

Grabau  has  postulated  that  the  theory  of  polar  migration  as  formu¬ 
lated  by  Reibisch  (1901,  p.  105-24),  Simroth  (1907)  and  Kreich- 
gauer  (1902)  would  explain  the  conditions  here  presented.  Grabau 
fully  realized  that  the  mathematical  analysis  of  G.  H.  Darwin 
(Cotton,  1923)  places  very  severe  limitations  on  possible  migration 
of  the  polar  axis,  and  yet  is  disposed  to  question  whether  Darwin 
has  had  “  the  last  word  ”  on  the  subject. 

L.  A.  Cotton  (1923,  p.  453-503)  in  a  very  suggestive  paper,  shows 
that  there  are  at  least  three  schools  of  thought :  ( 1 )  Those  who  deny 
polar  wanderings,  concluding  that  Darwin’s  analysis  is  sound.  (2) 
Those,  like  Grabau,  who  would  consider  the  theory  plausible  in  spite 
of  the  mathematical  denial.  (3)  Those  who  advocate  the  theory. 
Cotton  has  reexamined  Darwin’s  paper  and  shows  that  the  “  whole 
question  is,  therefore,  one  which  depends  on  the  primary  assumptions 
as  to  the  nature  and  constitution  of  the  earth’s  interior  ”  (op.  cit. 
p.  496).  Many  lines  of  evidence  “  converge  towards  the  conclusion 
that  the  earth  behaves  like  a  highly  viscous  solid.  .  .  .  When  these 
postulates  are  substituted  in  Darwin’s  analysis  .  .  .  the  mathe¬ 
matical  investigation  actually  supports  the  view  that  polar  wanderings 
are  not  only  possible  but  probable.” 
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I  believe  that  Cotton  has  made  a  very  real  contribution  to  this 
subject.  If  we  postulate  the  continent  of  Appalachia  to  the  east  of 
the  present  coast  and  the  poles  of  the  earth  somewhere  in  the  vicinity 
of  the  present  equator  in  the  Pacific,  easterly  winds  laden  with 
moisture  which  is  precipitated  upon  the  high  mountains  of  Appalachia, 
we  could  in  this  fashion  account  for  the  desert  conditions. 

I  was  sufficiently  impressed  with  the  possibilities  of  polar  wander¬ 
ings  so  that  I  have  corresponded  with  Professor  Cotton.  On  the 
basis  of  present  geographical  distribution  of  deserts  in  respect  to  the 
equator,  Professor  Cotton  suggested  (1924)  that  it  would  be  inter¬ 
esting  “  if  one  could  establish  a  distribution  of  desert  conditions 
during  any  particular  epoch,  so  arranged  as  to  lie  about  a  small 
circle  of  the  earth,  or  better  still  on  two  small  circles  equidistant 
from  a  great  circle;  this  would  afford  strong  evidences  as  to  the 
position  of  the  earth’s  pole  at  that  time.” 

A  shifting  of  the  poles  of  the  earth  would  not  “  get  rid  of  the 
necessity  of  admitting  climatic  change”  (Scott,  1926,  p.  270)  at  the 
same  time.  Hence  this  theory  can  not  be  called  upon  as  an  inde¬ 
pendent  factor. 

Lyell  suggested  changes  in  the  size,  distribution  and  altitude  of  land 
masses.  Brooks  (1922)  and  Jeffreys  (1924)  have  recently  elaborated 
this  theory. 

We  know  that  the  height  of  the  land  above  the  sea,  especially  the 
mountainous  regions,  has  varied  greatly  through  geologic  time.  The 
causes  of  these  elevational  changes  are  matters  concerning  which 
facts  are  fewer  than  hypotheses.  If  a  high  ridge  lies  for  a  great 
distance  across  the  path  of  the  prevailing  winds,  the  bulk  of  the 
precipitation  occurs  on  its  windward  slopes  and  consequently  in  the 
lee  of  this  ridge  the  area  is  arid.  If  such  a  ridge  supported  snow 
fields,  a  vast  amount  of  cooled  air  drains  down  its  sides  and  affects 
the  temperature  of  the  plains.  Land  elevation  is  a  control  of  very 
great  importance. 

The  distribution  of  land  and  water  is  a  powerful  factor.  Large 
bodies  of  water  maintain  a  much  more  uniform  temperature  than 
land  masses.  That  is  so  well  appreciated  that  we  can  pass  to  other 
controlling  factors. 

The  oceanic  circulation  in  the  production  of  currents,  like  the 
Gulf  Stream,  the  Japanese  Current,  the  Labrador  Current  and  the 
Humboldt  Current,  profoundly  affects  the  climate  of  the  land  masses 
washed  by  such  currents,  and  is  so  well  known  as  to  need  no  emphasis. 
If  we  should  shift  these  currents  we  could  argue  that  great  changes 
can  occur. 
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The  variation  in  the  surface  covering,  excluding  the  oceanic  ex¬ 
panses,  is  a  control  of  no  small  moment.  Rocky  areas  are  poor 
emitters  of  earth  radiation,  while  snow  emits  it  twice  as  well.  Snow 
will  cool  areas  because  of  this  ability. 

Winds,  easily  appreciated  as  exceedingly  important  climatic  con¬ 
trollers,  tend  to  equalize  the  temperature  of  the  globe.  Evaporation, 
a  cooling  process,  occurs  in  the  warmer  regions  while  a  large  portion 
of  the  condensation,  a  process  that  liberates  much  heat,  occurs  in 
cooler  regions. 

At  the  present  time  the  salt  district  of  New  York  lies  in  the  belt 
of  westerly  winds  that  follow  well  established  paths.  The  cyclones 
and  anticyclones  swing  across  the  country  from  west  to  the  east. 
They  drop  their  moisture  to  the  windward  of  the  Pacific  coast 
mountains  and  hence  produce  the  deserts  in  the  Great  Basin.  They 
then  cross  the  plains.  How  is  it  that  we  have  abundant  rainfall 
at  the  present  time?  The  cyclones,  centers  of  low  barometric  pres¬ 
sure  are  “  holes  ”  towards  which  air  is  rushing  from  areas  of  high 
pressure.  In  their  swirling  they  circle  back  from  the  Atlantic  coast 
and  thus  bring  moisture  from  the  sea.  Thus  westerly  winds  bring 
rain  from  the  east.  If  a  mountain  range  of  more  pronounced  nature 
existed  to  the  east  of  the  present  salt  field  during  Salina  times  and 
precipitated  the  rain,  could  we  in  this  manner  account  for  our  desert? 
I  wonder. 

Or  we  could  postulate  trade  winds  instead  of  westerlies.  By 
shifting  the  poles  a  little  we  could  bring  the  district  here  concerned 
into  the  belt  of  these  winds.  This  is  also  possible. 

Humphreys  regards  volcanic  dust  clouds  as  effective  in  producing 
cooler  temperatures.  Mountain  building  and  volcanic  activity  are 
coincident  phenomena,  and  are  thought  to  be  a  contributing  cause  to 
the  production  of  periods  of  glaciation. 

If  we  summarize  this  discussion,  we  reach  the  conclusion  that 
warmer  periods  of  the  mid-latitude  zones  occurred  when  the  seas 
transgressed  upon  the  land  areas  and,  conversely,  glaciation  when  the 
land  areas  were  extensive.  The  mountains,  with  their  snow-covered 
slopes  and  volcanic  dust  in  the  air,  would  produce  climatic  conditions 
that  would  be  in  a  critical  state.  Lower  and  lower  becomes  the 
temperature  until  internal  forces  of  mountain  building  and  volcanic 
activity  can  quiet  down  and  allow  a  return  to  more  favorable  con¬ 
ditions  for  warmer  climatic  conditions. 

The  above  appears  to  “  explain  ”  a  good  deal  and  yet  it  is  not  a 
completely  satisfactory  theory.  In  conjunction  with  the  diastrophic 
hypothesis  variation  of  altitude  of  the  land  and  size  and  distribution 
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of  land  and  oceanic  areas  may  furnish  a  partial  solution  to  our  prob¬ 
lem  of  fluctuations  in  geologic  climate. 

The  reader  may  expect  me  to  produce  a  clear  statement  to  the 
effect  that  only  one  theory  will  answer  our  inquiry.  This  I  do  not  feel 
willing  to  do.  I  am  convinced  that  to  do  so  would  be  unwise  if 
not  unscientific.  It  is  my  opinion  that  a  “  final  ”  solution  will  be 
developed  from  a  combination  of  astronomic,  geologic  and  atmos¬ 
pheric  theories. 

GEOLOGICAL  SECTIONS  OF  THE  SALT  FIELD 

The  sections  that  accompany  this  report  are  based  upon  published 
well  records,  supplemented  by  maps  and  field  observations;  they 
represent  the  present  status  of  our  knowledge  in  regard  to  the  geology 
of  the  salt  deposits.  It  is  perhaps  necessary  that  they  should  be 
considered  as  approximate,  in  part  at  least,  for  the  records  have  been 
gathered  from  numerous  sources,  chiefly  from  the  logs  of  the  well 
drillers  themselves  who,  humanly  enough,  reported  the  rock  forma¬ 
tions  in  terms  best  suited  for  securing  the  highest  possible  compen¬ 
sation  for  their  services.  In  this  light  we  may  interpret  the  “  fact  ” 
that  the  rock  from  the  Onondaga  limestone  to  the  salt  was  reported 
to  consist  entirely  of  waterlime  in  the  Junction  Well,  south  of 
Le  Roy,  the  Conesus  Salt  Co.  and  the  Dansville  wells.  Some  un¬ 
certainty  must  be  entertained  in  regard  to  the  elevation  of  the  surface 
of  wells.  Most  of  the  figures  used  were  secured  by  the  early  field 
geologists  who  were  not  provided  with  the  federal  topographic  maps. 
The  elevations  were  secured  by  hand  leveling  from  benchmarks  fur¬ 
nished  by  the  railroad  companies.  A  number  of  elevations  have  been 
checked  and  found  to  be  slightly  in  error.  This  fact  alone  modifies 
the  amount  of  dip  and  position  of  minor  folds  in  the  sectional  draw¬ 
ings  in  view  of  the  fact  that  a  great  exaggeration  of  the  vertical 
scale  was  necessary. 

It  is,  of  course,  impossible  to  state  with  any  degree  of  certainty 
what  are  the  exact  conditions  between  the  wells.  The  sections  have 
been  drawn  across  these  unknown  regions ;  the  change  in  the 
character  of  the  salt  beds,  particularly,  has  been  inferred  from  the 
available  data.  The  necessarily  restricted  size  of  the  sections  forbids 
the  indication  of  many  details  and  thin  formations.  The  subdivision 
of  the  Manlius  limestone  and  Bertie  waterlimes  has  not  been  possible 
although  unconformities  occur  within  this  group  of  strata.  Some 
well  records  give  suggestive  details  which  the  neighboring  well  records 
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fail  to  note.  Some  of  them  have  been  extended  into  the  unmapped 
area  while  others  have  been  ignored. 

One  of  the  problems,  as  yet  imperfectly  solved,  that  is  of  interest 
to  the  salt  industry,  is  the  “  splitting  ”  of  a  salt  bed ;  it  becoming  two 
seams  in  the  course  of  a  few  miles.  The  difficulty  is  to  determine 
whether  the  single  bed  splits  into  a  double  seam  or  whether  the  second 
bed  is  a  lens  and  overlaps  or  underlaps  the  other,  or  perhaps  was 
not  reached  by  the  drill.  As  the  driller  was  usually  only  interested 
in  reaching  the  first  salt  bed  free  of  shale  impurities,  and  cared 
little  for  what  lay  beneath,  our  knowledge  is  sadly  deficient,  and 
hence  it  is  not  known  what  are  the  actual  conditions.  In  the  cross 
sections  the  beds  are  often  drawn  as  splitting,  although  this  has  not 
been  demonstrated. 

The  Batavia-Bliss  Section 

Figure  4 

The  section  is  based  upon  three  well  records,  the  Batavia  well 
after  Prosser,  the  Attica  well  after  Bishop  and  the  Bliss  well  after 
R.  D.  White.  It  represents  a  north  and  south  section  near  to  the 
western  margin  of  salt  deposits  of  the  State,  especially  the  Batavia 
and  Attica  wells,  where  15  inches  of  salt  and  10  feet  of  salt  shale 
were  found  respectively.  The  Bliss  well  is  noted  as  showing  56  feet 
of  salt  at  a  much  greater  depth  below  the  Onondaga  limestone  than 
the  majority  of  the  wells  in  the  state. 

The  LeRoy- Castile  Section 

Figure  5 

This  is  an  important  section  as  it  involves  the  Oatka-Genesee  field 
in  which  salt  was  first  manufactured  from  rock  salt.  It  is  based  upon 
18  wells  and  one  shaft  and  thus  can  be  relied  upon  with  greater  con¬ 
fidence  than  the  previous  one.  Of  the  16  or  18  wells  at  Le  Roy, 
the  one  chosen  is  the  one  published  by  Bishop  with  a  surface  ele¬ 
vation  of  875  feet,  one  of  the  first  wells  sunk  where  the  thickness 
of  the  salt  was  not  indicated.  In  a  well  sunk  some  distance  away 
the  third  salt  bed  found  (the  others  were  one  or  two  feet  thick) 
has  a  thickness  of  21  feet.  A  bed  of  similar  character  is  assumed 
for  the  entire  bed.  This  procedure  was  necessary,  due  to  a  possible 
error  in  measuring  the  elevation  of  the  latter  well. 
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Fig.  4  Geologic  cross  section  of  the  New  York  salt  field.  Section  drawn 
from  north  to  south  from  Batavia,  through  Attica  to  Bliss.  The 
Batavia  record  is  after  Prosser,  Roch.  Acad.  Sci.,  2,  1892,  p.  90;  the 
Attica  well  after  Bishop;  and  the  Bliss  well  after  R.  D.  White.  The 
great  depth  of  the  salt  below  the  Onondaga  limestone  in  the  Bliss 
well,  800  feet,  may  be  due  to  the  southern  extension  of  the  Clarendon- 
Linden  fault,  noted  by  Chadwick  in  Bui.  Geol.  Soc.  Amer.,  31. 


In  the  Lehigh  shaft,  of  course,  we  possess  reliable  information  that 
can  be  used  in  assigning  the  boundaries  of  the  formations.  For  a 
more  complete  section  of  the  shaft,  see  figure  6. 
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LEROY -CASTILE. 


Fig.  5  Geologic  cross  section  of  the  New  York  State  salt  field.,  from 
north  to  south,  from  Le  Roy  south  to  Castile.  The  Le  Roy  well  record 
has  been  taken  from  Bishop,  N.  Y.  State  Geol.  5th  Ann.  Rep’t  1885,  p.  20. 
The  Lehigh  record  is  from  Luther  as  interpreted  by  Clarke.  The  Junc¬ 
tion  well  is  after  Bishop.  The  Pavilion  well  records  supplied  by  R.  D. 
White  have  been  supplemented  by  D.  W.  Williams  of  the  Dominion  Gas 
Co.  The  record  of  the  Pearl  Creek  well  is  after  R.  D.  White  and  Bishop. 
The  Moulton  well  record  is  taken  from  Th.  Avery. 

Information  about  the  Globe  well  was  obtained  from  Werner. 

C.  B.  Mathews  has  given  us  the  record  of  the  Pioneer  well.  The 
Crystal  well  (name  omitted  from  chart)  at  Saltville  after  Bishop. 

Bishop,  Avery,  Englehardt  and  Percy  have  furnished  the  records  of  the 
wells  at  Warsaw.  Rock  Glen,  Worcester  and  Castile  records  are  due 
to  Bishop  while  the  Gainesville  data  is  after  White. 

Merrill,  in  his  report  (facing  page  32)  reproduces  the  above  section. 
He  failed,  however,  to  suggest  how  the  salt  beds  should  be  correlated. 
In  drawing  the  Rock  Glen  section  he  made  an  error,  placing  the  top  of 
the  Onondaga  limestone  144  feet  above  sea  level,  while  it  should  be  144 
feet  below. 
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Fig.  6  Diagrammatic  representation  of  the  records  of  the  Livonia,  Lehigh  and  Retsof  shafts.  Data  secured  from  D.  Dana 
Luther  and  John  M.  Clarke  as  given  in  New  York  State  Museum  Report  47.  Modified  by  Ruedemann,  Hartnagel,  Chad¬ 
wick  and  myself.  The  three  sections  have  been  arranged  with  the  base  of  the  Onondaga  limestone  at  the  same  level. 
Note  that  correlation  from  the  Oriskany  sandstone  upwards  is  wholly  satisfactory  while  attempts  in  the  Camillus  are 

impracticable. 
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A  departure  from  the  actual  log  is  made  in  the  Junction  well 
(B.  R.  &  P.  and  D.  L.  &  W.  railroads)  which  recorded  “  Lower 
Helderberg  Limestones  ”  from  the  Onondaga  (“  Corniferous  ”) 
limestone  to  the  salt.  It  seems  highly  probable  that  the  driller  made 
this  record  for  his  own  benefit,  as  it  costs  more  to  drill  through 
limestone  than  through  shaly  beds.  South  of  this  point  the  line  of 
demarcation  between  the  Manlius  limestone  and  Bertie  waterlimes 
and  the  lime-mud  rocks  of  the  Camillus  becomes  uncertain  and  is 
left  uncompleted  from  the  Pioneer  well  south. 

The  Pavilion  wells  and  the  Moulton  well  fit  in  without  any  adjust¬ 
ment.  The  Pioneer  well  is  one  of  the  wells  that  penetrates  the  salt, 
recording  beneath  it  190  feet  of  red  shale  which  is  probably  the 
Vernon.  The  Atlantic  Salt  Company  near  Warsaw  sank  below  the 
salt  into  104  feet  of  red  shale. 

The  wells  at  Warsaw  —  The  Miller  Salt  Co.,  Atlantic  Salt  Co., 
Warsaw  Salt  Co.,  Gouinlock,  Gouinlock  and  Humphrey — are  close 
together  on  the  section.  Some  projecting  upon  the  plane  of  the 
section  has  been  done  which  may  account  for  the  downward  “  bump  ” 
of  the  salt  beds  at  this  point.  Otherwise  it  is  difficult  to  account 
for  this  peculiar  behavior  of  the  salt. 

The  (Eldridge)  Bradley  well  is  after  Th.  Percy.  As  originally 
given,  the  “  Corniferous  ”  limestone  (Onondaga)  is  recorded  as  225 
feet  thick,  which  is  obviously  an  error;  and  it  is  thought  that  the 
Manlius  and  Bertie  formations  are  included  in  this  measurement. 

Next  below  is  “  Flint  Rock  ”  for  which  no  adequate  interpretation 
is  forthcoming.  Below  comes  “  Lower  Helderberg  ”  which  is 
Camillus  mud-lime  rocks  and  shales.  These  beds  are  grouped  in  the 
record  in  this  bulletin,  as  Onondaga  limestone,  waterlimes,  lime-mud 
rocks  and  shales.  The  proper  divisions  are  inferred  from  neighboring 
wells.  Below  the  salt  is  a  “  pocket.” 

This  may  illustrate  the  difficulties  I  had  in  rendering  the  well 
records  of  any  real  value  in  constructing  the  geologic  cross  sections. 

The  Rock  Glen  Salt  Company’s  record  shows  two  beds  of  salt, 
the  upper  one  25  feet,  the  lower  40  feet  thick,  separated  by  31  feet 
of  shale.  The  Worcester  wells  also  encounter  two  beds,  10  and  75 
feet  thick  with  an  intervening  bed  of  shale  45  feet  thick  - —  showing 
irregularities  and  peculiarities.  In  the  section  the  main  salt  bed  is 
shown  splitting,  although  definite  information  is  not  at  hand.  It  is 
of  course  possible  that  the  bed  is  a  lens  and  that  the  idea  of  the  bed 
splitting  is  not  the  correct  interpretation.  It  is  an  interesting  fact, 
nevertheless,  that  this  second  bed  occurs  at  a  point  of  flexion,  the 
rocks  assuming  a  slight  undulation,  a  fact  emphasized  by  the  exagger- 
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ation  of  the  vertical  scale.  This  habit  of  the  salt  is  better  shown  in 
the  Caledonia-Nunda  section. 

The  Castile  well,  the  last  in  the  section,  shows  35  feet  of  salt  shale, 
here  assumed  to  represent  the  upper  bed  of  the  Rock  Glen  and  Wor¬ 
cester  wells,  on  top  of  the  main  bed  45  feet  thick.  Below  is  40  feet 
of  shale  overlying  more  salt  shale  65  feet  thick.  Beneath  this  is  re¬ 
corded  five  feet  of  salt.  The  red  shale  of  the  Pioneer  and  Atlantic 
wells  evidently  was  not  reached  by  the  drill. 

The  Caledonia-Nunda  Section 

Figure  7 

This  section  is  in  some  respects  the  most  interesting  one  of  all.  It 
illustrates  the  independence  of  the  salt  and  the  Onondaga,  as  well  as 
the  effect  of  folds  upon  its  thickness.  The  Caledonia  well  is  probably 
incorrectly  located  upon  Merrill’s  map  (1893),  its  true  position  being 
half  a  mile  farther  south.  The  log  is  striking  in  that  immediately 
beneath  the  Onondaga  are  “  gypseous  [anhydride]  shales,”  which,  if 
correctly  determined  by  the  driller,  would  lead  to  the  supposition 
that  the  Onondaga-Bertie  unconformity  was  so  excessive  that  the 
former  rested  directly  upon  the  Camillus  waterlimes.  These  extend 
151  feet  below  the  anhydride  beds.  In  the  York  well  a  more 
“normal”  succession  is  reported  in  respect  to  the  Bertie  waterlimes. 
The  io-foot  bed  of  red  shale  at  the  base  of  the  Camillus  waterlimes 
should  be  noted.  To  find  red  beds  within  the  Camillus  is  apparently 
a  much  more  common  phenomenon  than  was  formerly  believed.  If 
the  contact  between  the  Camillus  waterlimes  and  the  shales  of  the 
Caledonia  and  York  wells  be  joined,  as  has  been  done  in  the  section, 
such  a  line  assumes  a  parallel  position  with  the  Onondaga-Bertie 
line  of  contact.  Although  neither  gypseous  shales  nor  anhydrite  were 
reported  in  the  York  well,  such  beds  are  recorded  as  occurring  in  the 
Retsof  and  Griegsville  shafts,  and  thus  they  are  tentatively  carried 
across  the  gap.  Whether  or  not  there  is  any  real  foundation  for  a 
division  between  the  Camillus  waterlimes  and  shales  as  shown  in  the 
section  can  not  at  present  be  ascertained,  but  the  available  data  cer¬ 
tainly  points  to  such  a  conclusion. 

In  the  Retsof  shaft  we  possess  reliable  data.  (For  a  more  de¬ 
tailed  section  see  figure  6.)  The  absence  of  drift  on  top  of  the  section 
is  due  to  the  fact  that  the  shaft  was  sunk  in  the  floor  of  an  old 
quarry.  Here  beneath  the  Manlius-Bertie  waterlimes  is  an  anhydritic 
layer  47  feet  thick,  while  in  the  Griegsville  shaft  only  a  short  distance 
away  the  corresponding  bed  is  75  feet  thick,  a  fact  difficult  of  inter¬ 
pretation  without  considering  that  the  sulphate  salt  is  present  as 
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Fig.  7  Geologic  cross  section  of  the  New  York  State  salt  field,  south  from 
Caledonia  to  Nunda.  The  Caledonia  well  record  has  been  secured  from 
C.  L.  Goodwin;  the  York  well  after  M.  B.  Gilman;  Englehardt  has 
supplied  data  concerning  the  Livingston  and  Genesee  wells.  Luther  and 
Clarke  are  the  authorities  for  Retsof  shaft.  Rev.  John  Ripply  gives  us 
the  information  about  the  Leicester  Salt  Company’s  well.  For  the  Lacka¬ 
wanna  well  record  we  are  indebted  to  Graham  and  for  the  Nunda  well 
to  Hambly.  I  am  under  the  impression  that  I  secured  the  record  of  the 
Royal  well  from  Werner.  Vertical  exaggeration  52.8  times. 

lenses.  The  single  bed  of  salt  in  Caledonia  well,  25  feet,  has  become 
two  beds  in  the  wells  to  the  south.  The  25-foot  bed  of  the  Caledonia 
well  can  be  taken  to  be  the  main  bed,  the  additional  seam  being  an 
upper  lens,  or  that  the  bed  becomes  two  by  splitting.  The  latter 
conception  is  the  one  indicated. 

The  shafts  and  wells  at  Retsof  and  Piffard  furnish  interesting  data 
which  the  section  emphasizes ;  the  Onondaga  limestone  has  a  dip  to 
the  south,  becoming  anticlinal,  while  the  salt  beds  experience  a  syn¬ 
clinal  flexture,  illustrating  the  geological  independence  of  the  two 
formations,  due  to  the  unconformities  and  the  plasticity  of  the  salt. 
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The  detailed  log  of  the  Sterling  Salt  Company  is  not  available  for 
this  report;  the  conditions  are  inferred  from  the  neighboring  wells, 
from  the  model  of  the  shaft  in  the  State  Museum  at  Albany  and  from 
aneroid  observations  of  the  writer. 

In  the  Leicester  (Phoenix)  Salt  Company’s  abandoned  well  the 
two  beds  of  salt  are  still  shown,  but  are  reduced  in  thickness  to  four 
feet  and  28  feet,  separated  by  three  feet  of  shale.  At  this  point  the 
Onondaga  limestone  is  seen  to  be  approaching  a  slight  anticlinal 
structure,  the  opposite  to  that  assumed  by  the  salt. 

South  from  the  synclinal  flexure  of  the  Leicester  well  the  salt  beds 
return  to  their  former  thickness,  23  feet  and  75  feet  with  an  inter¬ 
vening  shaly  bed  20  feet  thick.  A  similar  state  of  affairs  obtains  in 
the  Royal  Salt  Company’s  abandoned  well  at  Mount  Morris ;  here  20 
feet  of  salt  comprises  the  upper  bed ;  35  feet  the  separating  shale,  and 
the  lower  greater  than  75  feet,  as  the  bottom  of  the  lower  seam  was 
not  reached. 

Between  the  Royal  well  and  Nunda,  the  relations  underground 
change,  rendering  conclusions  somewhat  uncertain.  Only  one  bed 
of  salt  is  recorded,  35  feet  thick.  It  is  assumed  that  this  is  the 
upper  bed,  for  its  position  below  the  Onondaga  is  less  in  distance 
than  that  held  by  all  the  other  wells  of  the  section.  The  35  feet  of  salt 
shale  beneath  may  represent  the  lower  bed.  Below  the  salt  shale  is 
black  shale  for  85  feet — a  notable  fact  when  the  red  Vernon  shale 
was  believed  directly  to  underly  the  salt.  In  all  wells  situated  in  the 
southern  portion  of  the  salt  fields  which  penetrate  the  salt  beds,  the 
rock  found  directly  beneath  is  not  red,  but  is  reported  as  either  black 
or  brown.  This  fact  may  have  a  bearing  upon  the  origin  of  the 
Vernon  and  the  salt  itself. 

The  Lakeville-Dansville  Section 

Figure  8 

This  is  based  upon  four  wells ;  the  interval  between  the  Livonia 
shaft  and  Dansville  is  a  long  unrecorded  interval  and  irregularities 
in  dip,  position  and  thickness  of  the  different  beds  may  well  be  ex¬ 
pected. 

The  first  well  is  that  of  the  abandoned  Conesus  Salt  &  Mining 
Company  at  Lakeville  at  the  foot  of  Conesus  lake.  The  “  water- 
limes”  are  325  feet  thick,  which  are,  according  to  the  present  nomen¬ 
clature,  divisible  into  the  Manlius  limestone,  the  Bertie  group,  and 
the  Camillus  waterlimes.  Only  five  feet  of  Camillus  shale  is  re¬ 
corded,  either  due  to  the  massive  character  of  the  Camillus  in  this 
area  or  to  the  desire  of  the  driller  to  secure  the  best  return  for  his 
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services.  Two  beds  of  salt  are  shown.  The  upper  bed  is  25  feet 
thick,  the  lower  20  feet,  with  an  intervening  30  foot  layer  of  shale. 

Next  in  order  is  the  Livonia  well.  This  records  32J4  feet  of  salt, 
which  undoubtedly  represents  the  upper  bed,  the  parting  of  shale  be¬ 
tween  the  two  beds  apparently  not  being  penetrated  by  the  drill.  Here 
the  bulk  of  the  Camillus  above  the  salt,  all  but  five  feet,  is  un¬ 
fortunately  recorded  as  “  waterlime.” 


Fig.  8  Geologic  cross  section  of  New  York  State  salt  field,  south 
from  the  head  of  Conesus  lake  to  Dansville.  To  Bishop  we  owe 
the  record  for  the  Conesus  Salt  Company  at  Lakeville;  to  Luther 
and  Clarke  for  the  Livonia  record  and  to  Burgess  for  the  Dans¬ 
ville  well  data.  Exaggeration  52.8  times. 

The  Livonia  shaft,  the  record  of  which  we  owe  to  Luther,  and  the 
faunal  analysis  to  Doctor  Clarke,  is  the  most  complete  record  avail¬ 
able.  Here  then  is  30  feet  of  Manlius,  42  feet  of  Bertie  and  291 
feet  of  gypseous  shales  (not  “  waterlimes  ”  as  in  the  two  previous 
wells).  The  two  salt  seams  are  present;  the  upper  is  34  feet  thick, 
and  the  lower  153/2  feet,  separated  by  feet  of  shaly  waterlime. 
This  shows  a  thickening  of  the  upper  bed,  a  decrease  in  the  lower  and 
a  pinching  out  of  the  dividing  rock  to  the  south. 
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In  the  Dansville  well,  the  record  of  which  is  after  Englehardt, 
there  are  240  feet  of  “waterlime,”  divisible  as  before  and  interpreted 
in  like  manner.  The  salt  appears  to  be  a  single  seam  60  feet  thick. 
On  the  section  the  parting  is  assumed  to  die  out  southwardly  and  the 
60- foot  bed  is  regarded  as  equivalent  to  both  the  seams  reached  by 
the  Lakeville  well,  the  Livonia  well  and  the  Livonia  shaft. 

The  Clifton  Springs-Watkins  Section 

Figure  9 

The  increase  in  the  thickness  and  the  amount  of  salt  to  the  south  is 
clearly  shown  in  this  section.  The  Clifton  Springs  well  records  salt 
shale  20  feet  thick.  At  Himrod  a  distinct  bed  of  rock  salt,  still  with 
considerable  “shales,”  47  feet  thick  is  shown.  Below  this  lie  salty 
beds  200  feet  in  thickness.  The  Watkins  well,  the  record  of  which  I 
owe  to  Hill  and  to  Prosser,  shows  a  succession  of  beds  of  rock  salt, 
seven  in  number,  aggregating  458  feet  of  salt!  (See  figure  10.)  If 
we  regard  this  latter  record  as  reliable,  it  is  clear  that  the  Glen  Works 
have  not  reached  all  the  salt  there  is  at  this  point.  Four  wells  from 
which  to  draw  a  section  is  of  limited  application  in  reaching  broad 
conclusions.  Yet  it  is  of  interest  to  note  that  this  section  without  the 
Himrod  data  was  first  drafted  in  1919.  In  1925  the  record  of  the 
Himrod  well  became  available  and  was  found  to  fit  into  the  section 
with  only  a  thirty  foot  error.  That  is,  the  salt  at  Himrod  as  actually 
found  was  30  feet  lower  than  I  had  it  drawn  in  1919. 

The  undulations  of  the  beds  in  this  section  are  an  attempt  to  repre¬ 
sent  the  incipient  Appalachian  folds  which  undoubtedly  exist.  How 
successful  I  have  been  remains  to  be  seen,  but  I  am  fully  convinced 
that  the  dip  is  by  no  means  uniform  and  any  diagram  with  uniform 
dip  for  any  portion  of  the  salt  field  is  at  the  best  a  simplification  or 
indication  that  the  facts  have  been  disregarded. 
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Fig.  io  Portions  of  the  well  records  at  Watkins  and  Ithaca  arranged  for 
comparison.  The  Watkins  well  is  that  of  the  Consumers  Gas  Company- 
while  the  Ithaca  well  record  is  that  supplied  by  Prosser.  The  significance 
of  these  records  is  the  reported  thickness  of  the  salt  beds  and  the  fact 
that  the  demarcation  of  the  summit  of  the  Vernon,  on  the  basis  of 
lithology,  is  impossible. 
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The  Aurora-Ithaca  Section 
Figure  n 

The  rocks  of  this  area  have  been  much  more  disturbed  since  their 
deposition  than  in  the  northwestern  portion  of  the  salt  field.  The 
anticlinal  and  synclinal  folding,  while  relatively  slight  as  compared 
with  the  Appalachian  ridges  in  Pennsylvania,  are  clearly  shown 
when  the  vertical  scale  is  exaggerated,  as  has  been  done  in  the  sec¬ 
tion.  This  folding  has  resulted  in  certain  structural  relations  of  im¬ 
portance  to  the  salt  manufacturers.  This  section  has  been  difficult  to 
construct  for  a  number  of  reasons.  With  the  exception  of  three 
wells,  the  deep  Ithaca  well,  the  well  of  the  Remington  Salt  Com¬ 
pany  and  that  at  Aurora,  the  available  records  are  more  or  less  de¬ 
fective.  The  data  furnished  by  the  Rock  Salt  Corporation,  through 
the  kindness  of  J.  B.  Calkins,  are  curiously  ambiguous  in  finer  de¬ 
tails.  Additional  information  has  been  obtained  from  Harris 
(I9°5)  y  Cleland  (1903),  the  Watkins  Glen — Catatonk  folio 
(Williams,  Kindle  &  Tarr,  1909)  and  Luther  (1910). 

The  position  of  the  crests  or  axes  of  the  swells  has  been  checked 
by  observations  of  the  dip  along  the  lake  shore  and  in  a  few  instances 
found  not  to  agree  with  the  folio. 

The  Aurora  well  is  often  quoted  as  one  of  the  few  that  penetrated 
anhydrite  below  the  salt.  I  doubt  if  this  is  such  an  unusual  occur¬ 
rence  as  has  been  maintained  in  the  past.  The  majority  of  the  salt 
wells,  even  when  anhydrite  is  known  to  be  present  above  the  salt,  fail 
to  record  it;  probably  the  drillers  have  called  it  waterlime,  “Lower 
Helderberg”  limestone  or  shale.  As  only  a  comparatively  few  wells 
penetrate  the  salt,  it  is  not  surprising  that  anhydritic  beds  below  the 
salt  should  be  questioned.  This  has  an  important  bearing  upon  the 
origin  of  the  salt,  a  neglected  factor  in  most  articles  on  the  subject. 
But  the  Ithaca  well  records  no  anhydrite  at  all.  It  may  be  present 
nevertheless. 

The  next  well  to  the  south  is  one  of  the  International  Salt  Com¬ 
pany,  at  Myers  Point,  near  Ludlowville.  At  present  the  only  avail¬ 
able  record  is  imperfect  and  has  not  been  accurately  followed  in  de¬ 
tail.  The  main  salt  bed  (or  beds?)  totals  70  feet  without  anhydrite. 
In  the  section,  therefore,  the  anhydrite  of  the  Aurora  well  has  been 
drawn  as  grading  into  salt,  a  procedure  without  positive  proof.  The 
shaft  and  wells  at  Portland  Point  should,  theoretically  at  least,  fur¬ 
nish  reliable  data.  Unfortunately,  however,  this  is  not  the  case  and 
little  reliance  can  be  placed  upon  them.  The  diamond  drill,  the 
churn  drill  wells,  and  the  shaft  fail  to  give  concordant  results.  The 
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slight  faulting  and  plasticity  of  the  salt  can  account  for  some  of  the 
lack  of  agreement.  A  striking  disagreement  is  seen  in  the  records  of 


Fig.  ii  Geologic  cross  section  from  Aurora  to  Ithaca  based  upon  well 
records  obtained  from  many  sources.  The  anticlinal  and  synclinal  struc¬ 
ture  of  the  district  is  clearly  shown.  Vertical  exaggeration  52.8  times. 
Note  that  the  salt  is  not  a  great  distance  below  the  base  of  the  Onondaga 
limestone.  The  Oriskany  sandstone  is  thick  enough  to  be  shown  in  this 
section. 

the  Remington  well  as  furnished  by  the  Remington  Company  and  by 
J.  B.  Calkins.  The  former  gives  two  seams  of  salt  42  and  44  feet 
thick  separated  by  eight  feet  of  limestone  (waterlime,  anhydrite?) 
while  the  latter  gives  one  bed  70  feet  thick.  Furthermore,  the  com¬ 
pany’s  own  statement  places  the  bottom  of  the  salt  at  a  depth  of  2192 
feet  or  at  1792  feet  (about)  below  sea  level,  while  Calkins  states  it 
occurs  at  a  depth  of  about  2009  feet,  or  at  1609  feet  altitude.  It  is 
possible,  of  course,  that  these  are  records  of  two  different  wells  with 
different  elevations.  Such  are  the  difficulties  in  attempting  to  utilize 
such  data.  As  our  information  of  geology  below  ground  is  largely 


GEOLOGY  AND  ORIGIN  OF  SILURIAN  SALT  OF  NEW  YORK  STATE  77 


obtained  from  such  well  records,  it  behooves  those  in  charge  of  such 
work  to  note  with  extreme  care  the  character  and  position  of  each 
sample  or  core,  making  a  full  and  permanent  record.  A  better  agree¬ 
ment  between  Calkins  and  the  Company’s  records  is  that  of  the  Ithaca 
works  of  the  International  Salt  Company.  Whiting  gives  two  beds, 
which  is  probably  correct,  20  and  60  feet  with  a  20-foot  parting  of 
shale.  The  bottom  of  the  latter  is  placed  at  a  depth  of  2250  feet  while 
Calkins  reports  but  one  bed  of  70  feet  at  2220  feet  depth.  It  would 
appear  that  Calkins  has  ignored  the  undulations  of  the  rocks  and 
makes  the  salt  beds  assume  a  uniform  dip  to  the  south. 

The  record  of  Whiting  for  the  Ithaca  works  and  the  Ithaca  well, 
which  is  reasonably  accurate,  completes  the  section.  By  virtue  of  the 
exaggeration  of  the  vertical  scale  a  smooth  flexure  of  the  thick  beds 
has  been  impossible  in  the  section  and  is  not  true  to  nature.  The  axes 
of  the  folds  are  probably  not  vertical  but  perpendicular  to  the  plane  of 
average  dip.  All  these  uncertainties  and  difficulties  render  the  con¬ 
struction  of  the  Aurora-Ithaca  section  an  unwelcome  task.  Never¬ 
theless  it  is  believed  that  it  presents  some  significant  facts  relating  to 
the  geology  of  salt  deposits. 

One  noticeable  fact  the  well  records  show  is  the  thickening  of  the 
Cardiff  and  Ludlowville  shales,  the  unusual  thickness  of  the  Oriskany 
sandstone,  and  the  decrease  in  the  thickness  of  the  Onondaga  lime¬ 
stone  southward. 

The  Tully  Section;  Solvay  Process  Company 

Figure  12 

This  diagram  of  the  Solvay  Process  Company’s  wells  at  Tully  is 
after  Merrill  (1893,  p.  20),  but  with  modifications.  This  is  on  a 
different  scale  from  the  rest,  the  vertical  being  three  and  one-third 
times  the  horizontal,  and  is  introduced  to  show  how  apparently 
irreconcilable  facts  can  be  correlated  by  a  little  allowable  interpreta¬ 
tion.  As  originally  given,  the  great  thickness  of  salt  at  well  1  and  3 
of  group  B  is  not  duplicated  by  the  neighboring  wells.  Wells  1  and 
3  of  group  D  show  two  beds  separated  by  shale.  It  is  assumed  that 
an  error  has  occurred  in  recording  the  elevation  or  the  depth  of  wells 
2  and  4  of  group  B,  as  suggested  on  the  basis  of  finding  salt  below  the 
line  connecting  the  tops  of  uppermost  salt  beds.  If  this  is  true,  then 
the  postulation  of  three  beds  makes  a  consistent  section.  The  major¬ 
ity  of  the  wells  were  sunk  only  to  the  base  of  the  first  or  uppermost 
bed.  The  great  depth  of  salt  in  wells  1  and  3  of  group  B  can  be 
accounted  for  on  the  basis  that  the  shale  partings  were  comparatively 
thin,  or  were  ignored  by  the  driller,  or  both. 
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The  Retsof- Sterling  Section 

Figure  13 

Through  the  kindness  of  mine  managers  of  the  Retsof  Mining 
Company  and  the  Sterling  Salt  Company  I  have  been  able  to  present 
this  section  showing  portions  of  the  shaft  records  of  the  two  com¬ 


panies.  The  Retsof  column  is  a  composite  one,  having  been  secured 
from  many  sources,  and  may  not  be  accurate.  Detail  correlations 
here  are  very  uncertain  in  spite  of  the  completeness  of  the  informa¬ 
tion.  Similar  conditions,  I  understand,  obtain  between  closely 
grouped  wells  in  the  vicinity  of  Himrod. 

The  portion  of  the  main  salt  bed  now  being  mined  by  these  com¬ 
panies  is  indicated  upon  the  sections. 


Fig.  12  Geologic  cross  section  of  the  wells  of  the  Solvay  Process  Company  at  Tully.  In¬ 
formation  secured  from  Merrill  but  modified  by  the  writer.  Exaggeration  3.5  times. 
The  letters  with  figures  are  the  numbers  of  the  wells. 
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RETSOF  STERLING 


26 


Fig.  131  Portions  of  the  record  of  the  Retsof  and  Sterling 
shafts  showing  the  beds  of  rock  salt  arranged  for 
comparison.  The  base  of  the  thickest  bed  of  salt  in 
each  section  has  been  correlated  and  placed  on  the 
same  level.  Note  that  correlations  are  very  uncertain. 
The  Retsof  column  has  been  secured  from  many 
sources;  it  is  a  composite  and  may  not  be  accurate. 
Assistance  has  been  rendered  by  Mr.  Moynes  of  the 
Retsof  Mining  Company.  The  Sterling  record  has 
been  supplied  by  Mr  Fetherston  of  the  Sterling  Salt 
Company. 
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Contour  Map  of  the  New  York  State  Salt  Field 

Figure  14 

In  figure  14  I  have  attempted  to  construct  a  subsurface  contour 
map,  the  foregoing  cross  sections  being  used.  I  was  compelled,  after 
much  experimenting,  to  draw  the  contours  on  the  basis  of  the  top  of 
the  main  salt  bed  in  every  case.  This  map  differs  from  the  map  pub¬ 
lished  by  Merrill  in  1893  in  that  he  drew  the  contours  on  the  basis 
that  the  salt  was  situated  610  feet  below  the  summit  of  the  Onondaga 
limestone.  So  many  departures  were  made  from  this  “average,”  due 
to  unconformities  and  independent  folds,  that  his  map  is  open  to  criti¬ 
cism.  The  contours  on  the  western  margin  of  the  map  are  shown 
interrupted  by  the  Clarendon-Linden  fault  which  has  been  extended 
farther  south  than  Chadwick  has  investigated.  It  may  be  that  it 
crosses  the  Batavia-Attica-Bliss  section  north  of  Bliss  and  thus  ac¬ 
counts  for  the  excessive  depth  of  the  salt  below  the  Onondaga  lime¬ 
stone.  The  map  clearly  indicates  the  presence  of  terraces  and  even 
reversals  in  dip.  Here  the  contour  interval  is  100  feet;  the  datum 
plane,  sea  level.  If  a  smaller  contour  interval  had  been  employed, 
some  closed  contours  would  have  been  necessary.  Insufficient  data 
in  the  southern  portion  of  the  area  here  mapped  prevent  extending 
the  anticlinal  and  synclinal  structure  of  the  Ithaca  region  westward. 

THE  CHEMISTRY  OF  SALT  DEPOSITION 

The  problem  of  the  conditions  under  which  salt  beds  are  deposited 
is  more  than  a  geological  one.  It  is  very  evident  that  very  little 
progress  can  be  made  by  attempting  to  apply  geological  methods  alone. 
The  physical  chemist  is  in  a  far  better  position  to  appreciate  and  to 
solve  the  events  that  have  taken  place  to  form  deposits  of  salt.  From 
the  composition  of  the  rock  salt  and  associated  rocks  it  is  reasonable 
to  suggest  that  they  were  derived  from  the  evaporation  of  sea- water  ; 
“and  hence  it  may  at  first  appear  perfectly  simple  to  repeat  the  process 
in  the  laboratory  by  evaporating  sea- water  to  dryness.  This  was 
carried  out  on  a  large  scale  by  Usiglio  (1849,  P-  27>  92>  I72)  >  but  the 
results  obtained  by  him  failed  to  correspond  with  the  natural  deposits 
in  several  important  respects”  (Stewart,  1922,  p.  612).  This  is  true 
of  the  Stassfurt  deposits  and  of  those  in  New  York.  Hence  one  is 
tempted  to  say,  with  Keyes  (1923,  p.  290),  that  we  would  make  more 
progress  if  “van’t  Hoff,  Hinrichen,  Weigat,  and  Myerhoffer  .  .  . 
[had]  been  permitted  to  leave  their  indoor  theoretical  environment 
and  go  into  outdoor  observational  laboratories.” 

The  difficulty  is  not  with  the  physical  chemists,  nor  with  the 
geologists,  but  rather  with  a  lack  of  cooperation  between  them,.  To 
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Fig.  14  Map  of  the  New  York  State  salt  field  showing  tentative  subsurface  contouring  of  the  top  of  the  main  salt  bed.  Constructed  from  the  geologic  cross  sections  which  are  indicated  by  the  heavy  lines  passing  through  the  wells.  The  shafts 
are  shown  by  black;  circles,  the  wells  by  circles  and  dots.  This  map  differs  considerably  from  a  similar  one  published  by  Merrill  in  1893,  as  he  drew  his  contours  610'  below  the  top  of  the  Onondaga  limestone,  as  an  average  position  tor  the  salt. 
The  many  departures  from  this  figure  show  that  his  method  has  many  disadvantages.  The  present  map  used  the  position  of  the  salt  as  found.  Contour  interval,  100  feet;  reference  plane,  sea  level.  The  Clarendon- Linden  fault  is  shown  interrupt¬ 
ing  the  contours  on  western  margin  of  the  map. 
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effect  this  interrelationship  upon  this  problem  between  these  two  di¬ 
visions  of  science  is  my  difficult  task.  It  is  not  possible  to  do  a  great 
deal  because  of  many  unknown  and  uncertain  factors  involved  in  these 
problems.  Perhaps  all  I  can  do  is  to  indicate  the  complexity  of  the 
problems  with  which  we  are  concerned. 


Fig.  15  Diagram  showing  order  of  the  separation  of  salts  on  evaporation, 
under  atmospheric  pressure,  of  sea  water.  The  dry  salts,  per  cent  by 
weight,  calculated  to  be  in  sea  water,  are  given  at  the  left.  The  per¬ 
centage  of  each  salt  which  separates  as  the  volume  of  the  solution  is 
reduced  by  evaporation  is  shown  in  the  succeeding  columns.  That  is, 
when  the  volume  has  been  reduced  to  53.30  per  cent  of  the  whole,  a  little 
ferric  oxide  and  calcium  carbonate  has  crystallized.  At  19  per  cent  the 
rest  of  the  calcium  carbonate  and  some  of  the  gypsum  have  separated, 
and  so  on.  If  all  of  the  “blocks”  of  these  columns  should  be  shoved 
together  they  would  reconstruct  the  first  column.  Note  that  at  no  time 
is  pure  sodium  chloride  precipitated  without  some  other  salt.  Diagram 
based  upon  figures  given  by  Grabau,  Principles  of  Stratigraphy.  1913, 
p.  349- 

Usiglio’s  results  are  presented  graphically  in  figure  15.  It  shows 
that,  as  evaporation  of  sea  water  is  carried  on,  various  salts  are  pre¬ 
cipitated,  not  in  the  reverse  order  of  their  solubility  in  pure  water, 
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but  as  they  reach  the  saturation  point  in  the  presence  of  the  other  salts. 
The  order  of  deposition  was  as  follows:  ferric  oxide,  calcium  car¬ 
bonate,  gypsum,  gypsum  and  salt.  Remaining  in  the  mother  liquor 
is  some  salt,  magnesium  sulphate,  magnesium  chloride,  sodium  bro¬ 
mide  and  potassium  chloride.  Usiglio  (1849,  1849a)  failed  to  ob¬ 
tain  kieserite  (MgS04.H20)  polyhalite  (K2Mg(S04).  6H20),  kain- 
ite,  (MgS04.  KC1  .3H20)  and  anhydrite.  “These  experiments 
lacked  those  essential  elements  which  are  operative  in  the  formation 
of  salt  deposits  in  nature,  namely  (1)  long  periods  of  time,  (2)  ex¬ 
tensive  changes  of  temperature  during  deposition,  (3)  pressure  and 
accompanying  development  of  heat  .  .  .  after  burial  under  later  de¬ 
posits,  .  .  .  which  furnish  the  condition  for  reactions  between  the 
original  salts  and  the  production  of  meta-salts.”  (Grabau,  1920,  p. 
61 ;  Berkey  1924,  p.  116). 

“It  is  therefore  evident  that  in  order  to  obtain  an  insight  into  the 
conditions  under  which  the  Stassfurt  strata  or  any  other  salt  deposit 
were  laid  down,  more  refined  methods  must  be  employed  than  mere 
evaporation  of  seawater.  The  question  remained  practically  at  this 
stage  until  the  year  1887,  when  van’t  Hoff  (1887,  et  secq;  1905, 
1909)  and  his  collaborators  (van’t  Hoff  and  Myerhoffer  1898-99; 
Janecke  1906)  attacked  the  problem  from  a  different  point  of  view. 
“  Instead  of  taking  a  solution  like  sea-water,  which  contains  a  very 
large  series  of  solutes,  van’t  Hoff  in  his  researches  worked  always 
from  simple  to  more  complex  cases”  (Stewart,  1922,  p.  62).  The 
simplest  case  is  that  of  one  salt  in  solution;  that  is,  a  system  com¬ 
posed  of  one  solvent,  water,  and  one  solute,  a  salt.  As  evaporation 
proceeds  a  decreasing  volume  would  result  in  the  complete  saturation 
of  the  remaining  solution  with  the  salt.  Further  evaporation  would 
cause  precipitation. 

In  dealing  with  two  or  more  salts  in  solution  in  water,  van’t  Hoff 
and  his  coworkers  employed  the  method  of  measuring  the  contents  of 
such  solutions  in  terms  of  moles  instead  of  percentage  by  weight. 
From  a  chemical  point  of  view  this  has  many  advantages,  but  to  many 
geologists,  who  have  studied  the  crystallization  of  igneous  rocks  by 
means  of  thermo-equilibrium  diagrams,  this  different  nomenclature  is 
a  difficulty  of  no  small  moment.  The  solid  models  that  are  offered  in 
explanation  of  the  events  that  take  place  on  evaporation  of  a  solu¬ 
tion  of  two,  three  and  four  salts  are  at  best  exceedingly  difficult  to 
understand.  Most  geologists,  and  I  feel  that  they  are  quite  justified, 
pass  them  by,  claiming,  in  order  to  justify  themselves,  that  they  are 
geologists  and  not  chemists.  This,  of  course,  does  not  improve 
matters.  I  shall  therefore  attempt  to  suggest  some  of  the  experi¬ 
mental  details  of  a  few  of  the  systems  that  have  been  studied. 
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If  to  a  saturated  solution  of  sodium  chloride  some  potassium 
chloride  is  added,  potassium  chloride  will  dissolve  until  the  solution  is 
saturated  in  respect  to  the  potassium  salt.  It  will  also  contain  as 
much  sodium  chloride  as  it  can.  If  the  solution  is  evaporated,  both 
salts  will  precipitate  together.  But  if  one  salt  only  is  present  to  its 
maximum  at  that  temperature,  it  will  precipitate  on  evaporation  until 
the  volume  of  the  solution  has  decreased  so  the  other  salt  fully  satur¬ 
ates  it,  then  both  will  separate  together  as  before. 

If  sodium  chloride  and  magnesium  sulphate  are  dissolved  in  water, 
we  find  that  double  decomposition  will  take  place.  On  evaporation 
four  salts  instead  of  two  will  be  obtained:  magnesium  sulphate, 
magnesium  chloride,  sodium  chloride,  and  sodium  sulphate.  This  in¬ 
dicates  an  increasing  complication. 

A  third  experiment  may  be  cited  as  an  illustration  of  the  problem  of 
salt  deposition.  When  solutions  of  magnesium  chloride  and  potas¬ 
sium  chloride  are  mixed,  under  certain  conditions  of  temperature  a 
double  salt  is  formed:  MgCl2.KC1.6H20,  carnallite.  From  a  solu¬ 
tion  of  two  solutes  three  salts  have  been  formed :  potassium  chloride, 
magnesium  chloride  and  carnallite.  The  physical  chemist  is  therefore 
called  upon  to  determine  the  solubility  relations  of  (i)  Potassium 
chloride  in  water,  (2)  Magnesium  chloride  in  water,  (3)  Carnallite 
in  magnesium  chloride  solution,  (4)  Carnallite  in  potassium  chloride 
solution  and  to  construct  diagrams  and  models  to  express  the  relation¬ 
ships  at  different  temperatures  and  pressures. 

If  we  investigate  a  solution  of  potassium  chloride  and  magnesium 
sulphate  we  find  that,  besides  the  four  salts  produced  by  double  de¬ 
composition  of  the  two  solutes,  under  conditions,  controlled  by 
temperature  and  pressure,  a  double  salt  MgS04.K2S04.6H20,  scho- 
nite,  will  form.  The  chemist  finds  that  he  can  first  deal  with  these 
salts  in  pairs,  then  in  threes,  and  then  with  four,  five,  six  salts. 
Many  of  these  salts  form  hydrates,  some  of  which  are  stable  through 
a  considerable  change  of  temperature  and  pressures,  while  others  are 
very  transitory.  The  list  of  the  possible  salts  that  can  be  expected  to 
form  by  the  evaporation  of  a  solution  similar  to  that  of  sea  water  is 
very  great,  provided  temperature,  pressure  and  time  were  variable. 
A  reasonable  list  of  such  salts  that  are  of  interest  in  this  study  of  the 
New  York  salt  deposits  may  reach  a  figure  of  40.  It  must  be 
pointed  out,  however,  that  such  a  large  number  of  salts  could  not  exist 
in  equilibrium  with  each  other  in  the  same  basin.  Reactions  between 
them  would  ensue  with  the  disappearance  of  some  of  them. 
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Suppose  to  this  system  of  potassium  chloride  and  magnesium  sul¬ 
phate,  which  produce  additional  salts  by  double  decomposition,  and 
the  formation  of  double  salts  and  hydrates,  we  add  sodium  chloride. 
Without  going  into  detail,  perhaps  the  reader  can  imagine  what  a 
complicated  problem  the  physical  chemist  has.  And  this  detailed 
study  of  saline  substances  is  still  going  on.  In  the  Journal  of  the 
American  Chemical  Society  for  August  1924  we  find  a  paper  on  the 
system  magnesium  sulphate-sodium  sulphate-water  (Archibald  and 
Gale,  1924,  p.  1760-71). 

All  this  detailed  information  at  cur  disposal  is  at  the  same  time 
both  a  help  and  a  hindrance.  We  are  tempted  to  apply  these  results 
in  a  universal  manner  to  all  salt  deposits  without  realizing  that  they 
primarily  apply  to  the  Stassfurt  deposits.  There  the  conditions  were 
comparatively  simple,  even  though  it  took  years  for  van’t  Hoff, 
Myerhoffer  and  others  to  work  out  the  involved  physical  chemistry  of 
these  deposits. 

The  Stassfurt  deposits  in  Prussia,  of  Upper  Permian  age,  exhibit 
two  or  possibly  four  cycles  of  evaporation.  The  first  and  lowest 
series  of  evaporites  begins  with  Zechstein  limestone  and  dolomite, 
anhydrite  and  gypsum,  which  are  in  turn  overlain  by  rock  salt  beds. 
Next  a  polyhalite  zone  and  kieserite  zone,  ending  in  carnallite 
deposits. 

The  second  cycle,  not  as  complete  as  the  lower,  is  separated  from  it 
by  a  bed  of  salt  clay.  It  begins  with  anhydrite  and  ends  with  rock 
salt.  A  bed  of  red  clay  separates  the  second  cycle  from  the  possible 
third  series,  which  begins  with  anhydrite  and  ends  in  salt,  without 
the  more  soluble  salts.  The  last  cycle  is  less  complete,  in  that  it  con¬ 
tains  anhydrite  without  any  deposition  of  salt ;  the  only  indication  of 
the  latter  is  salt  cavities  in  the  overlying  red  clay. 

The  Stassfurt  deposits  therefore  indicate  interruptions  of  evapora¬ 
tion  by  influx  of  clastic  materials  and  a  new  supply  of  sea  water. 
The  rock  salt  in  the  lowest  group  contains  3000  layers,  called  annual 
rings  which  suggest  that  “  they  are  due  to  seasonal  fluctuations  in  the 
density  of  the  water — a  periodic  slight  reduction  in  the  salinity  during 
a  moister  period,  putting  a  temporary  end  to  salt  deposition  and  per¬ 
mitting  the  formation  of  anhydrite  ”  (Grabau,  1920,  p.  236). 

“In  the  hands  of  van’t  Hoff  and  his  collaborator  .  .  .  the  whole 
question  has  been  .  .  .  developed  to  such  a  point  that  even  the 
temperature  of  the  period  at  which  any  particular  series  of  beds  was 
deposited  can  be  determined  with  moderate  accuracy”  (Stewart,  1922, 
p.  61). 

Such  interruptions,  influx  of  clastic  materials,  deposition  of  lime- 
mud  over  a  deposit  of  saline  minerals  seem  to  have  taken  place  in 
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the  development  of  the  Salina  salt  of  New  York,  Michigan,  Ontario 
and  Ohio. 

Before  it  is  possible  to  apply  the  principles  of  salt  deposition  to  the 
Salina,  we  must  investigate  the  assumptions  upon  which  they  are 
based. 

If  we  assume  that  the  salt  has  been  derived  from  sea  water  by 
evaporation  let  us  ask  what  was  the  composition  of  the  sea  water. 
The  same  as  modern  sea  water  ?  It  is  well  known  that  the  salinity  of 
sea  water  varies  from  place  to  place ;  it  differs  in  strength  according 
to  depth  as  well.  What  was  the  composition  of  sea  water  in  the 
open  oceans  during  Salina  times?  We  do  not  know.  There  have 
been  many  attempts  to  arrive  at  the  “age  of  the  earth”  by  calculating 
the  increased  sodium  content  of  the  oceans  on  the  basis  of  the  influx 
of  additional  supplies  by  the  rivers  of  the  present.  Such  speculations 
assume  a  saltless  sea  which  by  gradual  accumulation  from  the  decom¬ 
position  of  land  areas  has  reached  its  salinity  in  a  uniform  manner. 
If  we  concede  this  assumption,  and  I  venture  to  voice  the  opinion 
that  it  is  nothing  more  than  an  assumption,  we  are  forced  to  conclude 
that  Salina  seas  had  a  different  composition.  But  we  do  not  know 
what  it  was,  nor  do  we  know  whether  this  different  sea  water  on 
evaporation  would  deposit  saline  substances  in  the  same  order  under 
similar  circumstances  as  sea  water  now  existing.  Of  course,  I,  as 
well  as  others,  dislike  to  state  that  we  are  in  the  dark  regarding  a 
number  of  essential  points  with  which  we  are  greatly  concerned  in 
this  investigation.  The  hope  of  real  success  is  to  know  what  we 
do  know  and  what  we  do  not  know. 

In  case  of  the  Stassfurt  deposits  it  would  seem  that  they  “were 
formed  by  the  drying  up  of  a  large  body  of  sea  water  which  had  be¬ 
come  separated  from  the  main  ocean  by  the  formation  of  a  land 
barrier”  (Grabau,  1920,  p.  61).  Then  we  would  hasten  to  suggest 
that  in  New  York  State  a  similar  basin  existed  in  which  a  number  of 
cycles  of  evaporation  took  place.  But  a  discussion  of  this  matter  is 
deferred  to  another  section. 

In  the  early  days  of  the  salt  industry  the  interest  taken  in  the 
natural  brines  of  Syracuse  and  Montezuma  was  intense  and  a  great 
many  chemical  analyses  were  made.  The  Syracuse  brines  varied 
considerably  in  their  mineral  content,  but  more  particularly  in  their 
strength.  The  total  salts  in  solution  varied  from  13  to  14  per  cent. 
Later  on  with  an  increase  in  the  depth  of  the  wells  the  figures  rose 
to  19  and  20  per  cent,  but  during  the  decline  of  the  Syracuse  field 
the  total  salinity  fell  to  the  neighborhood  of  16,  which  in  part 
accounts  for  the  decline  of  the  Onondaga  field. 
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In  general,  the  purity  of  the  natural  brines  does  not  equal  that  of 
the  artificial  solutions.  The  dry  salts  from  the  Syracuse  field  range 
from  93.7  to  95.6  per  cent  sodium  chloride  while  the  artificial  brines 
average  97  per  cent. 

The  number  of  analyses  of  artificial  brines  that  have  been  published 
is  surprisingly  few.  There  is  a  remarkable  similarity  and  uniformity 
among  them.  The  amount  of  salt  per  hundred  volumes  varies  from 
21.5  to  26.3.  There  appears  to  be  a  lower  calcium  sulphate  content 
in  the  brines  of  the  Ithaca-Watkins  district  than  in  those  of  the 
Genesee- Wyoming  field.  The  analyses  here  tabulated  fail  clearly  to 
establish  this  point,  but  the  fact  that  the  grainer  pipes  in  the  plants 
in  the  Ithaca-Watkins  district  are  scaled  only  every  10  days  while  in 
the  other  fields  the  scale  is  removed  every  three  or  four  days  points 
to  such  a  conclusion. 

If  we  do  not  know  the  composition  of  the  Salina  sea  we  do  possess 
a  group  of  analyses  of  artificial  brines  from  the  salt  plants  of  the 
State  as  well  as  from  Michigan,  Ontario  and  Ohio.  The  term 
“  artificial  brine  ”  means  that  fresh  water  is  pumped  down  the  wells 
and  there  in  contact  with  the  rock  salt  becomes  saturated  with  saline 
materials.  This  brine  is  forced  to  the  surface,  usually  by  compressed 
air  and  there  evaporated.  I  have  calculated  these  analyses  in  parts 
per  hundred  of  solution,  as  well  as  per  cent  of  the  dry  salts.  Of 
course,  in  the  solution  they  are  not  combined  as  salts  but  exist  as 
ions.  The  advantage  of  the  method  used  is  that  it  renders  the 
analyses  more  readily  comparable.  It  must  not,  however,  be  imagined 
that  these  salts  are  merely  mixed  in  a  mechanical  manner  with  each 
other.  We  have  seen  that  double  salts  and  hydrates  exist.  The 
calculation  of  these  salts  as  given  below  is  sufficiently  difficult  without 
attempting  to  suggest  any  additional  refinements. 

In  figure  16  the  composition  of  22  brines  is  given  in  a  graphic 
manner.  These  vertical  columns  represent  100  per  cent.  In  as  much 
as  the  brines  range  from  95  to  98  per  cent  sodium  chloride  it  was 
necessary  in  order  to  show  the  amounts  of  the  other  salts  to  break 
the  column  in  the  middle  and  to  leave  the  per  cent  scale  from  6  to 
94  out  of  the  diagram.  Figure  16  is  suggestive  in  that  magnesium 
chloride,  calcium  chloride  and  calcium  sulphate  exist  in  all  the  brines. 
In  a  few  ferric  oxide  has  been  determined,  but  there  is  every  reason 
to  believe  that  all  brines  contain  iron.  It  would  have  been  interesting 
to  have  a  complete  analyses  of  a  brine  where  the  rarer  salts  had  been 
determined.  But  I  am  not  sure  whether  such  an  analysis  would  be 
highly  significant.  If  we  are  searching  for  the  potash  salts,  which 
these  analyses  do  not  report,  on  not  finding  them  we  are  not 
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justified  in  stating  that  the  Salina  sea  was  lacking  in  potash  or  that 
potash  was  not  deposited.  For  these  analyses  represent  the  soluble 
portions  of  the  rock  salt  horizons  and  do  not  and  can  not  give  any 
true  indication  of  the  composition  of  beds  any  great  distance  above 
or  below  the  salt  layers  penetrated  by  the  wells. 

The  lack  of  definite  satisfaction  experienced  over  the  analyses  of 
the  brines  of  the  state  is  somewhat,  though  not  completely  compen¬ 
sated  by  the  available  analyses  of  bitterns.  These  strong  and  bitter 
solutions  accumulate  in  every  brine  plant.  It  is  the  mother  liquor 
remaining  after  the  salt  has  been  separated.  That  is,  the  manu¬ 
facturers  of  salt  do  not  evaporate  the  brine  down  to  dryness  for 
the  resulting  product  would  contain  the  hydrates  of  calcium  and 
magnesium  chloride  that  render  a  salt  nonpouring  in  wet  weather. 
Part  of  the  value  of  shaker  salt  for  table  use  lies  in  its  comparative 
freedom  from  such  salts.  Makers  of  high  grade  salt  usually  add  a 
little  magnesium  carbonate  to  the  product.  This  added  substance 
coats  the  cubical  grains,  furnishing  a  free  flowing  salt.  The  Norton 
Salt  Company,  with  headquarters  in  Chicago,  advertises  its  salt  by 
saying :  “  When  it  rains  it  pours.” 

It  was  hoped  that  a  comparison  of  these  bitterns  might  give  a 
clue  to  differences  in  composition  of  various  salt  layers  or  indicate 
a  geographical  difference.  The  analyses  were  recast  as  were  the 
brine  analyses,  into  parts  per  hundred  of  solution  and  per  cent  of 
dry  salts.  The  latter  figures  were  to  be  arranged  in  the  form  of 
vertical  columns,  which  in  turn  were!  to  be  arranged  geographically 
after  a  pattern  of  the  salt  well  records.  This  proved,  however,  to  be 
of  no  real  significance  in  that  the  degree  to  which  the  bitterns  had 
been  evaporated  differed  materially  from  plant  to  plant.  In  a  number 
of  plants  the  only  available  samples  of  bittern  were  from  the  waste 
pipes,  into  which  exhaust  steam  had  been  fed.  The  proposed  method 
of  tabulation  had  to  be  abandoned  and  consequently  they  have  been 
arranged  in  order  of  their  increasing  content  of  salts  other  than 
sodium  chloride  (see  figure  17).  Attention  is  drawn  to  the  presence 
of  potassium  chloride.  After  investigating  the  possibility  of  securing 
potash  from  these  bitterns  because  of  the  extreme  shortage  during 
the  World  War,  I  reached  the  conclusion  that  it  was  not  a  commercial 
proposition  even  under  those  trying  conditions. 

It  will  be  noticed  that  when  the  calcium  sulphate  content  is  low, 
the  calcium  chloride  content  rises  along  with  a  similar  though  a 
smaller  increase  in  magnesium  chloride. 

This  information  seems  to  indicate  that  the  so-called  rarer  salts 
are  not  entirely  lacking  in  the  New  York  salt  deposits.  Again  let 
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us  remember  that  analyses  of  the  minable  rock  salt,  brines  and 
bitterns  give  the  composition  of  only  a  part  of  a  possible  solution 
from  which  they  may  have  been  derived.  If  potash  salts  of  any 
extent  were  deposited  in  New  York  they  certainly  are  not  to  be 
found  in  the  rock  salt  layers  but  would  lie,  if  present,  above  some 
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1  Watkins  Salt  Co. 

2  Genesee  Salt  Co. 

3  Le  Roy  Salt  Co.,  includes  waste  steam 

4  Remington  Salt  Co.,  bittern  from  vacuum  pan 

5  Crystal  Salt  Co.,  bittern  from  open  pan 

6  Rock  Glen  Salt  Co.,  bittern  io  days  old 

7  Cayuga  Works,  International  Salt  Co 

8  Worcester  Salt  Co.,  bittern  from  grainer 

9  Crystal  Salt  Co.,  bittern  from  grainer 

10  Ithaca  Works  International  Salt  Co.,  bittern  from  grainer 

11  Rock  Glen  Salt  Co.,  bittern  from  grainer 

12  Ithaca  Works  International  Salt  Co.,  bittern  from  grainer 
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of  them  at  least.  So  far  as  our  meager  information  goes  we  have 
not  encountered  them  in  drilling  or  in  shaft  sinking  in  beds  by 
themselves.  Petrographic  studies  of  Camillus  lime-mud  rocks  in 
microscopic  thin  sections  indicate  that  there  are  some  potash  salts 
mixed  and  entangled  in  the  rocks  above  the  rock  salt  horizons.  This 
matter  is  treated  more  at  length  in  the  section  on  petrography. 

Associated  with  the  problem  of  the  deposition  of  the  beds  of  rock 
salt  is  that  of  the  formation  of  the  gypsum,  which  is  of  great  com¬ 
mercial  importance.  For  many  years  a  number  of  plants  have  been 
mining  gypsum  along  the  strike  in  New  York,  Michigan,  Ontario 
and  Ohio.  In  fact,  the  areal  distribution  of  the  gypsum  deposits  is 
far  greater  than  that  of  salt.  In  New  York  the  commercial  deposits 
are  situated  above  the  salt  horizon.  This  fact  has  given  rise  to  the 
belief  that  there  is  little  or  no  gypsum  beneath  the  salt  —  a  belief 
which  I  entertained  until  facts  to  the  contrary  were  obtained. 

The  shaft  on  Portland  Point  supplies  information  concerning  the 
nature  of  the  calcium  sulphate  layers  associated  with  the  rock  salt. 
In  the  past  it  has  been  the  custom  to  refer  to  the  calcium  sulphate 
as  gypsum.  At  the  1200-foot  level  a  layer  of  banded  rock  taken  by 
the  engineer  of  the  company  to  be  gypsum  proved  to  be  anhydrite. 
This  was  ascertained  by  microscopic  examination  in  thin  section. 
There  is  a  little  gypsum  present,  however,  which  appears  to  be  of 
secondary  origin,  due  perhaps  to  the  dynamic  disturbance  to  which 
the  rocks  there  had  been  subjected.  The  anhydrite  is  mixed  with 
the  shale  in  quite  a  similar  way  to  that  shown  by  the  salt  beds.  Other 
specimens  show  a  pearly  and  scaly  material  that  contains  more 
gypsum,  but  is  still  composed  in  large  measure  of  anhydrite.  Speci¬ 
mens  of  the  shale  associated  with  the  salt  at  Retsof  show  anhydrite 
in  distinct  layers  which  have1  not  been  so  much  disturbed  as  in  the 
Ithaca  district.  If  the  calcium  sulphate  was  deposited  from  aqueous 
solutions  as  gypsum,  it  is  quite  possible  that  the  subsequent  load 
due  to  the  accumulation  of  the  overlying  formations  has  caused  the 
dehydration  of  the  gypsum,  to  anhydrite.  As  erosion  brought  the 
surface  down  by  removing  the  overlying  rocks  the  underground 
circulations  permit  the  reformation  of  gypsum.  Thus  at  the  out¬ 
crop  we  find  gypsum,  but  at  the  depth  to  which  the  salt  shafts 
penetrate  the  calcium  sulphate  exists  as  anrydrite. 

These  observations  have  been  substantiated  by  the  group  of  speci¬ 
mens  furnished  by  Mr  Fetherston  of  the  Sterling  Salt  Company. 
This  suite  of  rock  specimens  was  taken  from  a  horizon  25  feet 
above  the  mine  roof  and  extending  down  through  the  minable  zone 
to  40  feet  below  the  mine  floor.  Many  specimens  have  been  thin- 
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sectioned  without  the  use  of  water,  so  the  soluble  minerals  are  still 
retained.  The  calcium  sulphate  in  all  of  these  sections  proved  to 
be  anhydrite.  I  feel  very  confident  that  gypsum  now  worked  on 
the  outcrop  and  in  the  mines  along  the  strike  is  secondary;  having 
been  derived  from  anhydrite  by  hydration. 

Mr  Newland  was  so  impressed  with  this  observation  in  his  work 
in  the  gypsum  fields  that  he  has  emphasized  the  commercial  im¬ 
portance  of  the  limit  below  the  surface  that  minable  gypsum  occurs 
(1922,  p.  89-98;  1921,  P.  393-404). 

“  Van’t  Hoff  and  his  associates  (van’t  Hoff  and  Weigert,  1901) 
in  their  experimental  work  .  .  .  found  that  solutions  of  calcium 
sulphate,  when  evaporated  in  open  containers,  and  therefore  under 
atmospheric  pressure,  deposit  gypsum  or  anhydrite  according  to  the 
temperature  reached  at  saturation.  Up  to  66°  C.  gypsum  separates ; 
above  that  limit  anhydrite ;  however,  if  the  solution  contains  other 
salts,  the  boundary  temperature  for  gypsum-anhydrite  will  be  low¬ 
ered.  In  the  presence  of  sodium  chloride,  anhydrite  begins  to  form 
at  30°C.  and  the  gypsum  deposited  below  that  temperature  will,  in 
contact  with  a  solution  saturated  for  sodium  chloride,  change  into 
anhydrite.  In  the  evaporation  of  sea  water,  the  crystallizing  point 
of  anhydrite  is  2$°C.”  (Newland,  1922,  p.  90;  see  Vater,  1900, 
p.  270  ff). 

Thus  it  is  possible  that,  if  we  assume  that  the  calcium  sulphate 
in  the  New  York  Salina  is  an  evaporite  from  sea  water  or  a  natural 
brine  in  lagoons  or  playa  lake  basins,  this  salt  was  deposited  either 
as  gypsum  or  anhydrite.  Petrographic  studies  indicate  that  even 
this  anhydrite  is  secondary.  If  so,  then  the  gypsum  of  the  outcrop 
is  tertiary. 

Newland  (1921,  p.  397),  from  field  experience  in  western  New 
York  and  core-drill  records,  notes  that  “  anhydrite  begins  to  show 
in  the  rock  at  1 00-125  feet  depth  and  its  proportions  increase  more 
or  less  steadily  in  ratio  with  increasing  cover.  The  critical  depth 
seems  to  be  around  250-300  feet,  below  which  the  mineral,  except 
as  cavity  and  vein  fillings,  is  in  the  form  of  anhydrite.” 

He  notes  that  similar  conditions  obtain  in  southern  Ontario, 
Michigan,  Iowa  and  in  the  salt  domes  of  the  Gulf  region  (Grimsley, 
1904,  p.  84;  Kay,  1920,  p.  107-10). 

If  it  is  possible  to  utilize  van’t  Hoff’s  results  and  apply  them  to 
New  York,  which  I  think  it  is  best  to  regard  as  somewhat  question¬ 
able,  it  is  not  an  unreasonable  suggestion  that  anhydrite  rather  than 
gypsum  was  deposited  by  evaporation  of  saline  waters.  Under  arid 
conditions,  which  most  assuredly  prevailed,  a  temperature  greater 
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than  25  degrees  centigrade  seems  likely.  This  conclusion  together 
with  the  petrographic  evidence,  which  is  submitted  in  another  chapter, 
complicates  our  problem  instead  of  solving  it.  But  the  secondary 
character  of  the  gypsum  does  not  throw  any  real  light  upon  the 
origin  of  the  New  York  gypsum. 

An  entirely  different  view  has  been  advanced  by  Grabau  (1912, 
p.  357)  who  states  that  the  gypsum  of  New  York  occurs  for.  the 
most  part  “  in  irregular  masses,  commonly  with  a  flat  base  but  rising 
through  the  inclosing  limestones  with  layers  of  more  clayey  material 
or  impure  limestones  passing  through  limestones  and  gypsum  alike 
and  marking  the  original  stratification  (see  figure  106).  Dana  (1880, 
p.  234)  has  correctly  interpreted  [  ?]  these  gypsum  masses  as  result¬ 
ing  from  the  limestones  which  make  up  a  part  of  this  formation, 
the  alteration  being  affected  by  the  acid  sulphate  waters  which 
abound  [  ?]  in  the  formation  and  which  have  resulted  from  the 
oxidation  of  the  iron  pyrite  in  the  rock.” 

It  seems  to  me  that  Grabau  has  placed  too  much  confidence  in 
Dana’s  interpretation.  The  gypsum  does  not  assume  “  masses  com¬ 
monly  with  flat  bases  ”  as  numerously  as  the  reader  may  gather 
from  Grabau’s  statement.  Its  present  position  and  partial  penetra¬ 
tion  of  the  overlying  beds  does  not  constitute  evidence  of  having 
been  derived  by  interaction  of  sulphate  waters  and  limestone. 
Hydration  of  anhydrite  in  forming  gypsum  involves  an  increase  in 
volume  which  has  in  hundreds  of  localities  arched  and  broken  the 
overlying  rocks.  Complicated  brecciation  has  taken  place  in  many 
places;  breccias  that  today  are  recemented  by  veinlets  of  fibrous 
gypsum.  Grabau  interprets  these  little  synclines  as  due  to  the  altera¬ 
tion  of  limestone  to  gypsum. 

In  attempting  to  explain  the  formation  of  thick  beds  of  gypsum 
many  authors  have  calculated  that  when  about  37  per  cent  of  the 
saline  water  is  evaporated  gypsum  begins  to  be  precipitated;  and 
when  93  per  cent  of  the  water  is  similarly  disposed  of  sodium 
chloride  crystallizes.  On  this  basis  geologists  postulate  basins  con¬ 
taining  sea  water  miles  in  depth.  In  as  much  as  this  is  obviously 
absurd  they  proceed  to  hunt  for  other  theories.  Difficulties  are  many 
and  consequently  the  theories  are  numerous. 

The  simplicity  of  Usiglio’s  results  is  so  attractive  that  many  have 
been  led  to  stray  into  unforseen  difficulties,  many  of  their  own 
fabrication.  Van’t  Hoff  clearly  shows  that  the  crystallization  of  saline 
solutions,  such  as  are  frequently  found  in  desert  basins,  may  deposit 
certain  salts  in  a  certain  sequence,  but  if  the  temperature  is  raised 
200  or  30°  C.  solutions  of  identical  composition  frequently  give  rise 
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during  desiccation  to  some  entirely  different  minerals.  Usiglio  used 
five  liters  of  sea  water  to  which  he  did  not  add  any  more  during 
the  evaporation.  I  would,  in  a  less  serious  mood,  suggest  that  in  as 
much  as  Usiglio,  the  celebrated  Italian  chemist,  did  not  add  water 
to  his  vats,  many  have  unconsciously  concluded  that  nature  does  not 
add  new  supplies  to  a  playa  lake  in  a  desert  basin,  hence  they 
postulate  waters  miles  in  depth.  Absurd  as  this  may  seem,  many 
have  concluded  that  certain  deposits  of  salt  and  gypsum  could  not  have 
been  formed  by  the  evaporation  of  sea  water  or  even  playa  bitterns 
because  the  basins  in  which  they  were  deposited  were  not  miles 
deep.  Hence  many  overflow  basins  are  postulated  in  which  the 
brine  having  dropped  its  gypsum  in  one  basin  spills  over  into  a 
convenient  and  awaiting  basin  in  which  salt  is  deposited.  This,  of 
course,  helps  to  explain  the  absence  of  gypsum  where  there  is  salt 
and  vice  versa.  The  whole  trouble  with  this  is  that  these  theories 
contain  enough  truth  to  be  confusing. 

Some  deserts  of  today  are  forming  nearly  pure  gypsum,  thick 
enough  to  call  for  deep  basins.  Walther,  Andrussow,  Hobbs,  Grabau 
and  many  others  are  turning  our  attention  to  desert  phenomena. 
Playa  basins  with  saline  saturated  soils  are  subjected  to  occasional 
rains,  infrequent  rivers,  and  wind.  These  agents  can  and  do  con¬ 
centrate  gypsum  sands.  Wind  can  even  form  dunes  of  saline  sub¬ 
stances  which  are  subsequently  leached  of  their  more  soluble  minerals, 
including  the  chlorides  of  sodium  and  potassium  by  rain  water.  This 
rain  water,  containing  the  more  soluble  salts,  drains  away  through 
the  sands  and  dried  mud  and  on  evaporation  leaves  these  salts  in  the 
interstices  of  these  clastic  materials  or  is  absorbed  (adsorbed)  by 
them.  In  New  York  traces  of  potash  salts  have  been  identified  in 
the  salt  shales  and  lime-mud  rocks  of  the  Camillus  type.  The  playa 
lake  muds  when  exposed  to  the  drying  action  of  the  sun  become 
mud-cracked,  the  edges  of  the  polygonal  sheets  which  curl  up,  become 
detached  and  are  blown  by  the  wind,  ground  into  small  fragments 
and  transported  to  other  places  in  the  desert  area.  Such  materials 
accumulate  in  masses,  the  stratification  of  which  is  ordered  by 
mechanical  and  not  by  chemical  processes.  Salt  and  gypsum  by  such 
aeolian  activity  become  patchy  and  irregular  in  distribution  and 
exhibit  many  secondary  characteristics.  Playa  lake  waters  differ  in 
composition,  far  more  so  than  sea  water.  It  is  not  a  mere  matter  of 
concentration,  of  halinity  or  of  salinity,  but  the  proportion  and 
presence  of  various  salts  in  solution.  A  glance  at  the  composition 
of  Great  Salt  lake  water,  which  is  a  sodium  chloride  brine,  and  that 
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of  the  Dead  sea,  which  is  a  magnesium  chloride  brine,  indicates  this 
difference.  This  variation  is  unquestionably  due  to  many  causes, 
some  primary  and  some  secondary.  It  is  impossible  to  evaluate  all 
of  them.  One  of  the  factors  that  is  undoubtedly  contributory  is 
the  kind  of  rocks  the  streams  encounter  in  their  courses  before 
entering  the  playa  lake  basins.  Decomposed  rocks  situated  in  the 
drainage  basin  contributed  their  soluble  salts.  Acid  igneous  rocks, 
high  in  potash,  may  contribute  that  element.  The  kind  of  saline 
deposit  derived  from  dolomitic  limestones  would,  other  things  re¬ 
maining  the  same,  be  more  magnesian  than  if  the  streams  drained 
areas  of  argillaceous  sediments. 

Grabau  (1920,  p.  165-67)  has  made  some  suggestive  calculations 
on  the  amount  of  sodium  chloride  locked  up  in  the  pore  space  of 
marine  sediments.  On  the  assumption  that  limestones  of  Niagaran 
and  Salina  times  have  a  pore  space  of  30  per  cent  and  that  the  seas 
of  that  time  had  a  salinity  of  3J4  per  cent  the  same  as  now,  of  which 
77  per  cent  was  sodium  chloride,  it  follows  that  the  sodium  chloride 
content  of  marine  limestones  may  reach  .365  per  cent.  This  is 
logical  if  we  accept  the  assumption  on  which  it  is  based.  Grabau 
proceeds  to  calculate  that  if  50,000  square  miles,  or  an  area  slightly 
larger  than  the  State  of  New  York,  of  such  limestones  are  eroded 
to  a  depth  of  100  feet  and  the  salt  so  obtained  could  be  deposited  in 
a  basin  covering  100  square  miles,  it  would  be  182.5  feet  thick.  This 
is  an  attractive  theory  and  may,  perhaps,  be  applied  to  New  York. 

A  study  of  the  composition  of  river  waters,  streams  that  flow  over 
rocks  which  may  be  similar  to  those  rimming  the  Salina  basin,  reveals 
many  additional  problems.  Where  do  many  of  the  substances  they 
contain  go?  We  see  visions  of  long  and  tedious  investigations, 
dealing  with  precipitations  and  absorptions,  of  suspensionoids  and 
complex  solutions. 

Clarke,  (1916,  p.  177)  has  pointed  out  that  the 'water  of  Lake 
Lahontan  which  is  fed  by  streams  flowing  over  igneous  rocks  differs 
radically  from  lake  waters  situated  in  regions  of  sedimentary  rocks. 
The  latter  are  saline  while  the  former  are  not. 

But  we  do  know  that  if  the  simple  evaporation  of  a  body  of  sea 
water  isolated  from  the  main  ocean  by  a  land  barrier,  deposits  a  bed 
of  salt,  so  does  a  playa  lake  in  a  desert  basin  into  which  a  few 
streams  enter,  flowing  over  marine  limestones.  Furthermore,  these 
different  modes  of  origin  are  not  mutually  exclusive,  for  there  is 
the  possibility,  if  not  a  probability,  that  a  cut-off  arm  of  the  sea 
undergoing  evaporation  may  experience  replenishment  in  the  form  of 
sea  water  splashed  over  a  bar,  or  saline  substances  may  be  con- 
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tributed  by  streams  which  have  obtained  such  salts  from  the  decom¬ 
posed  rocks  situated  in  their  drainage  basins. 

This  review,  even  though  not  a  thorough  one,  should  indicate  that 
the  chemistry  of  salt  deposition  is  very  complex,  that  we  are  not 
justified  in  accepting  any  one  theory  of  deposition,  on  the  basis  of 
the  few  facts  which  we  possess  about  the  salt  deposits  of  New  York, 
with  expectation  of  success.  And  all  this  in  the  face  of  the  inestim¬ 
able  service  of  the  physical  chemist. 

It  is  quite  possible  that  I  have  conveyed  the  impression  that  there 
is  no  advantage  to  be  gained  by  discussing  the  problem  of  the  origin 
of  the  New  York  salt  in  the  light  of  the  above  observations.  I  would 
only  direct  attention  to  the  fact  that  we  do  not  know  how  they 
originated,  and  that,  whatever  may  be  the  theories  proposed,  they 
must  be  highly  speculative  in  nature. 

PETROGRAPHY 

The  complexities  of  determining  the  geologic  history  of  the  salt 
deposits  with  their  associated  rocks  causes  us  to  seek  all  possible 
aid.  It  was  hoped  that  detailed  microscopic  studies  would  reveal 
a  great  deal  of  valuable  information.  In  all  frankness,  I  have  been 
disappointed.  The  study  of  sedimentary  rocks  with  the  petrographic 
microscope  is  both  difficult  and  perplexing.  Some  of  the  difficulty 
lies  in  unexpected  findings  which  are  too  frequently  at  variance  with 
the  more  customary  conceptions.  Rocks,  that  are  called  “  shales  ” 
in  stratigraphy,  prove  to  be  highly  calcareous  under  the  microscope. 
The  nomenclature  of  sediments,  as  commonly  used,  becomes  an 
obstacle  in  this  investigation.  But  this  is  not  the  place  to  advocate 
a  new  system,  although  the  temptation  is  strong.  Grabau  has  made 
suggestions  that,  in  theory,  mark  an  advance,  but  the  mere  com¬ 
plexity  of  his  nomenclature  prevents  its  adoption.  Instead  I  am 
using  descriptive  terms  which  I  hope  will  be  self-explanatory. 

Petrographic  studies  of  sediments  show  that  rocks  of  this  kind 
have  experienced  considerable  reorganization,  recrystallization,  even 
though  they  have  not  experienced  folding,  mountain  making  stresses, 
or  metamorphism  in  the  ordinary  sense.  These  diagenetic  changes 
are  in  reality  a  form  of  incipient  metamorphism.  In  the  broad  mean¬ 
ing  of  the  term  “  metamorphism  ”  as  used  by  Leith  and  Mead 
(1915),  such  rocks  are  “  metamorphosed/’  This  stretching  of  this 
old  term  to  include  changes  not  originally  embraced  is  often  criticized, 
and  perhaps  justly.  Yet  there  is  much  to  be  said  in  its  favor.  The 
petrographic  stratigrapher  is  placed  in  a  peculiar  position  since  most 
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of  the  sedimentaries  are  “metamorphosed,”  and  yet  many  geologists 
object  to  the  term!  We  might  use  diagenesis.  I  would,  however, 
suggest  the  term  “  epimorphism,”  a  modification  of  the  term 
“  epi-zone  ”  of  Greubenmann  (1907,  p.  21)  to  signify  incipient 
metamorphism. 

The  Lockport- Guelph 

In  west-central  New  York  the  Lockport- Guelph  rocks  are  siliceous 
dolomites.  They  are  made  up  of  rhomboidal  grains  of  dolomitic 
calcite,  frequently  interlocking  and  inclosing  grains  of  quartz.  These 
mineral  constituents  range  in  size  from  .08  to  .20  mm  in  diameter  and 
hence  are  classed  by  Grabau  as  “  fine  sand.”  Smaller  amounts  of 
chlorite,  sericite,  epidote,  pyrite  and  carbonaceous-  matter  are  easily 
identified.  Smaller  percentages  of  feldspar,  members  of  the  pyroxene 
and  amphibole  groups,  various  micas,  garnet  and  zircon  complete  the 
list.  Detrital  material  is  unquestionably  present  mixed  with  the 
calcareous  matters.  The  rock  both  paleontologically  and  petro- 
graphically  is  a  marine  sediment. 

These  formations  become  more  siliceous  and  argillaceous  to  the 
east.  At  Clinton  the  rock  referred  to  as  Lockport  or  Rochester  is  an 
argillaceous  sediment  but  still  retains  the  same  rhomboidal  grains  of 
dolomitic  calcite.  Because  they  are  less  abundant  than  in  the  west 
they  appear  as  pseudo-phenocrysts  in  an  argillaceous  groundmass. 
The  passage  beds  into  the  basal  Vernon  at  Farmers  Mills,  a  few  miles 
south  of  Clinton,  retain  these  characteristic  pseudo-phenocrysts  (see 
figure  18A). 

The  Vernon 

The  basal  Vernon  is  not  universally  red.  The  mottled  red  and 
green  beds  are  transitory  to  the  typical  red  formation.  These  basal 
beds  under  the  microscope  consist  of  argillaceous  matters,  such  as 
chlorite,  epidote  and  sericite,  with  abundant  quartz  and  the  character¬ 
istic  dolomitic  rhombs  (figure  18  B,  C,  H  and  I).  The  eurypterid- 
bearing  zones  are  more  calcareous  than  the  rest,  indicating,  if  I  have 
interpreted  them  correctly,  detritus  of  rivers  deposited  in  bodies  of 
standing  water,  perhaps  lagoons  or  euryhaline  lakes.  The  pseudo- 
phenocrysts  ranged  from  .008  to  .01  mm  in  diameter,  and  hence  come 
under  the  classification  of  rock  flour.  The  groundmass  is  chloritic 
and  sericitic.  Quartz  grains,  small  angular  grains  from  .004  to 
.008  mm,  never  fail.  The  groundmass  shows  an  arrangement  that 
is  characteristic  of  the  Vernon.  Around  each  rhomb  of  dolomitic 
calcite  and  quartz,  sericite  flakes  are  arranged  in  long  shreds  which 
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give  a  much  more  angular  appearance  than  the  grains  themselves. 
The  chloritic  matters  are,  as  a  rule,  prevented  from  coming  in  con¬ 
tact  with  the  pseudo-phenocrysts  by  these  micaceous  flakes.  They 
give  to  the  groundmass  a  “  basket-weave  pattern.”  The  argillaceous 
materials  in  the  Lockport  are  more  irregular  in  arrangement,  and 
are  more  dense  and  browner  in  color.  This  basket-weave  pattern 
is  not  common.  I  have  found  something  similar  in  certain  layers 
of  the  Maplewood  shale  of  the  Clinton  group  at  Rochester. 

In  the  mottled  red  and  green  layers,  the  Vernon  shows  the  same 
characteristic  basket- weave  pattern  with  fewer  pseudo-phenocrysts 
of  dolomitic  calcite,  but  the  quartz  and  occasionally  feldspar  and 
garnet  grains  are  present.  The  red  colorization  is  unquestionably 
secondary,  probably  derived  from  the  chlorite.  The  iron  content  of 
the  green  and  red  phases  of  the  rock  is  very  likely  the  same;  the 
difference  so  noticeable  to  the  eye  is  due  to  the  state  of  the  iron.  In 
the  form  of  chlorite  the  iron  is  principally  in  the  ferrous  condition, 
while  the  red  color  is  due  to  ferric  iron.  The  red  hematitic  matter 
is  apparently  amorphous  and  suggestive  of  colloidal  iron  oxides.  It 
obscures  the  other  minerals  when  present  as  if  a  fine  network  of 
red  matter  had  been  interwoven  into  the  basket  weave  fabric.  In 
specially  prepared  slides,  ground  extra  thin  and  with  thin  cover 
glasses,  the  oil-immersion  lens  picks  out  the  basket-weave  pattern 
even  though  masked  by  the  iron  oxide.  Even  in  the  reddest  of  the 
Vernon,  this  iron  net-work  is  patchy;  it  is  not  uniformly  distributed 
(figure  18  E  and  F).  In  certain  localities,  such  as  at  Oneida  and 
Clinton,  the  Vernon  is  spotted  with  gray  green  semispherical  matters. 
These  show  very  distinctly  the  basket- weave  pattern  and  differ  from 
the  surrounding  red  rock  in  lacking  the  red  colorization. 

The  cause  of  these  green  areas,  which  are  about  an  inch  or  two 
in  diameter,  is  not  known.  Carbonaceous  matter  and  pyrite  are  often 
present  in  the  centers,  but  do  not  seem  to  be  universal  in  these  areas, 
and  hence  their  presence  can  not  be  called  upon  to  explain  them 
(figure  18  H  and  I). 

Thin  sections  of  the  red  Vernon,  when  washed  by  concentrated 
hydrochloric  acid,  lose  to  a  large  degree  the  red  colorization,  leaving 
the  basket-weave  pattern,  although  it  is  not  so  distinct  as  in  the 
originally  green  rocks.  An  interpretation  is  that  some  of  the  chloritic 
minerals  have  suffered  alteration  to  the  iron  oxide  form.  I  entertain 
considerable  doubt  whether  the  red  colorization  is  a  reliable  criterion 
for  terrestrial  deposition.  My  feeling  in  this  matter  is  that  much 
depends  upon  the  subsequent  history  of  the  rock ;  perhaps  more  than 
upon  the  conditions  under  which  it  was  first  deposited. 
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The  Camillus 

The  Camillus  is  a  fine-grained  lime-mud  rock,  a  calcilutyte.  The 
grains  of  dolomitic  calcite  are  from  .01  to  .025  mm,  and  thus  range 
from  clay  size  to  rock  flour.  Argillaceous  matter  is  exceedingly 
difficult  to  identify,  but  it  is  probably  acting,  in  the  majority  of 
specimens  examined  by  the  oil-immersion  objective,  as  the  cement. 
Quartz  does  not  fail,  but  many  individual  fields  are  made  up  ex¬ 
clusively  of  dolomitic  calcite  (figure  19  C,  D,  E  and  F).  Long 
flakes  of  muscovite  are  frequently  found.  Horizons  of  the  Camillus 
that  possess  a  distinct  shaly  structure,  and  are  more  yellow  in  color, 
contain  more  grains  of  quartz,  feldspar,  hornblende,  serpentine  etc. 
The  quartz  grains  are  all  below  .04  mm  in  size,  are  very  angular  and 
splintery.  Most  of  them  possess  a  wavy  extinction.  I  would  offer 
the  interpretation  that  they  were  derived  from  metamorphic  rocks. 
Yet  it  may  be  that  they  were  imbedded  in  other  sedimentary  rocks 
before  being  transferred  to  the  Camillus.  There  are  too  many  possi¬ 
bilities  to  justify  a  definite  conclusion  about  the  sources  of  these 
grains. 

Carbonaceous  matter,  pyrite  and  many  other  minerals  in  small 
quantities  are  found  in  the  Camillus  (figure  19  F). 

Other  horizons  are  more  argillaceous.  Grains  of  sericite,  para- 
gonite,  chlorite  and  epidote  are  interlocked  with  dolomitic  calcite. 
The  latter  do  not  possess  the  characteristic  rhomboidal  outlines  found 
in  the  basal  Vernon.  These  argillaceous  substances,  together  with 
less  definite  mineral  substance,  show  considerable  reorganization  and 
crystallization.  They  were  probably  deposited  as  colloidal  substances 
with  much  absorbed  salts.  Now  they  are  to  a  large  degree  anisotropic. 

In  districts  south  of  Rochester  the  upper  Camillus  and  Onondaga 
limestone  have  been  arched  into  long  narrow  ridges  or  buckles. 
Many  suggestions  have  been  made  to  explain  them.  One  is  that 
either  the  solution  of  gypsum  in  the  beds  below,  or  the  hydration 
of  the  anhydrite,  disturbed  the  overlying  strata.  Certainly  breccia- 
tion  and  slumping  is  observable  in  the  Camillus  along  the  outcrop 
Slides  of  such  material  exhibit  microfaulting  and  the  rehealing  by 
secondary  vein  filling  by  gypsum  and  calcite. 

The  Brayman 

The  Brayman  shale  of  Schoharie  county  is  here  considered  as  the 
eastern  extension  of  the  Camillus.  Microscopically  it  possesses  much 
the  same  characters  as  the  thicker  formation  to  the  west.  It  is 
distinctly  coarser  grained  in  certain  horizons.  Water- worn  quartz 
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Fig.  18  Vernon  Shale 
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Explanation  of  figure  x8 

A  Black  Vernon  (Pittsford  Horizon)  Farmers  Mills,  two  miles  south  of 
Clinton.  Interlocking  boundary  between  Lockport  and  Vernon.  Rhombs 
of  dolomitic  calcite,  shown  with  concentrically  lined  borders ;  clear  grain 
with  rows  of  gas  bubbles,  quartz ;  fragment  of  microcline  with  gridiron 
twinning;  and  shreds  of  sericite;  all  set  in  a  groundmass  of  chlorite, 
epidote  and  sericite  matters.  (1028) 

B  Green  Vernon  on  top  of  the  “Lockport,”  College  ravine,  Clinton,  N.  Y. 
Rhomb  of  dolomitic  calcite  set  in  a  shaly  groundmass  composed  of 
sericitic  minerals,  light  streaks  and  chloritic  and  epidotic  substances,  dark 
background.  (1024) 

C  Green  lime-mud  rock,  basal  Vernon,  from  Barge  canal,  Pittsford,  near 
Rochester.  East  avenue  bridge  crossing.  Clear  grain  of  quartz  in  a 
fine-grained  background  of  dolomitic  calcite  cemented  with  green  chlorite 
and  epidote.  (1022X) 

D  Black  dolomitic  shale,  basal  Vernon,  higher  eurypterid  horizon,  Pittsford, 
N.  Y.  Discolored  and  partially  replaced  grains  of  dolomitic  calcite 
cemented  by  sericite  and  chlorite.  Note  the  dark  carbonaceous  matter 
and  the  section  of  an  eurypterid  fragment.  (957) 

E  “Typical”  red  Vernon  shale,  Vernon,  N.  Y.  A  grain  of  dolomitic  calcite 
and  quartz  set  in  fine  groundmass  of  sericite,  epidote  and  chlorite,  exhibit¬ 
ing  “basket-weave”  pattern,  all  but  obscured  by  red  fluculent  iron  oxides. 
(954) 

F  Red  Vernon  shale,  College  ravine,  Clinton,  N.  Y.  Pseudocry sts  of  dolo¬ 
mitic  calcite  and  quartz  in  shaly  matters  impregnated  with  iron  oxides. 
The  hematitic  matters  all  but  obscure  the  “basket-weave”  pattern  of  the 
groundmass.  (1889A) 

G  Red  streak,  left  side ;  of  iron-stained  shale  in  green  Vernon,  Oneida 
Castle,  N.  Y.  Rhombs  of  dolomitic  calcite  occur  in  both  the  red  and 
green  portions,  a  few  grains  of  quartz  and  shreds  of  sericite  are  shown. 
(919) 

H  Green  mass  in  red  Vernon,  College  ravine,  Clinton,  N.  Y.  Pseudocrysts 
of  magnesian  calcite  and  quartz,  set  in  a  fine  grained  groundmass  of 
sericite,  chlorite  and  epidote.  Note  “V-basket- weave”  pattern  as  shown 
by  the  shreds  of  sericite.  (1889B) 

I  Green  Vernon  below  the  green  spotted  red  shale,  College  ravine,  Clinton, 
N.  Y.  Notice  the  pseudocrysts  of  magnesian-bearing  calcite,  quartz 
grains  and  in  center,  the  masses  of  pseudoisotropic  chlorite.  (1888) 
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Fig.  19  Camera  lucida  drawings  of  Brayman  and  Camillas  lime-mud  rocks. 
All  drawn  under  polarized  light  conditions. 
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Explanation  of  figure  19 

A  Mineralized  Brayman-Camillus  lime-mud  rock,  Schoharie,  N.  Y.  Black, 
copper-bearing  pyrite.  Long  bladelike  grains,  celestite.  Clear  grains 
with  row  of  bubbles,  quartz.  Fine-grained  groundmass  on  right  side  of 
drawing,  dolomitic  calcite  cemented  with  argillaceous  matters.  Actual 
magnification:  X19.  (1005) 

B  Siliceous  Brayman-Camillus  lime-mud  rock,  Howes  Cave,  Schoharie, 
N.  Y.  Quarry  of  Helderberg  Cement  Company.  Clear  grains  with  row 
of  bubbles,  quartz.  Striped  grains,  plagioclase.  Grain  with  gridiron 
twinning,  microcline,  all  set  in  a  fine  groundmass  of  dolomitic  calcite 
with  an  argillaceous  cement.  Actual  magnification:  108.  (1006a) 

C  Camillus  lime-mud  rock  from  Camillus,  N.  Y.  Showing  dolomitic  calcite 
with  an  argillaceous  cement.  The  darker  grains  are  in  position  of  ex¬ 
tinction.  Actual  magnification:  X645.  (1032) 

D  Camillus  lime-mud  rock  from  between  Mumford  and  LeRoy.  The  rock 
exhibits  well  developed  “salt  hopper  crystals.”  Very  similar  to  C.  Actual 
magnification:  X645.  (1045) 

E  Camillus  lime-mud  rock,  four  miles  west  of  Auburn.  Composed  of  grains 
of  dolomitic  calcite.  Actual  magnification:  X645.  (1033) 

F  Camillus  lime-mud  rock,  Fort  Hill,  north  of  LeRoy.  Very  similar  to 
last  three  but  contains  carbonaceous  matter,  black,  and  shreds  of  sericite. 
Actual  magnification:  X645.  (1429) 

G  Secondary  gypsum,  variety  selenite,  veining  Camillus  lime-mud  rock, 
Le  Roy.  Actual  magnification:  X142.  (913-2) 

H  Secondary  gypsum,  fine  flaky  grains  in  veinlet  in  Camillus  lime-mud 
rock,  near  Oneida.  Magnification:  X142.  (914) 

/  Secondary  gypsum,  plumose  grains,  left  side  of  drawing,  in  Camillus 

lime-mud  rock,  Empire  Gypsum  Company,  Garbutt,  N.  Y.  Specimen  from 
working  face  of  mine.  Magnification:  X645.  (967B) 

J  Fibrous  gypsum  in  Camillus  lime-mud  rock,  Fayetteville,  N.  Y.  Magni¬ 
fication:  X645.  (967  A) 

K  Camillus  lime-mud  rock  from  Livonia  shaft  at  a  depth  of  1403  feet.  The 
upper  left-hand  corner  shows  the  dolomitic  calcite  secondary  filling  of 
“salt  hopper  cavity.”  See  text.  Magnification:  X27.5.  (934) 

L  Anhydrite  crystals  composing  grainer  pipe  scale,  Remington  Salt  Co., 
north  of  Ithaca.  Section  cut  perpendicular  to  pipe.  The  contact  with  the 
steam  pipe  to  the  left  of  the  drawing.  Magnification:  X98.  (929a) 

M  Elongated  grains  of  anhydrite  in  Camillus  lime-mud  rock,  shaft  of  the 
Rock  Salt  Corp.,  Portland  Point,  north  of  Ithaca.  X98.  (930) 

N  Elongated  grains  of  anhydrite  in  veinlets  in  Camillus  lime-mud  rock, 
shaft  of  Rock  Salt  Corp.,  Portland  Point.  X98.  (928) 

O  Large  size  plates  of  secondary  gypsum  in  commercial  gypsum  rock, 
Empire  Gypsum  Co.,  Garbutt,  N.  Y.  Selected  from  ore  car  as  being 
high  in  gypsum.  Magnification:  X98.  (1914) 

P  Anhydrite  grains  in  Camillus,  Livonia  salt  shaft,  at  a  depth  of  1463  feet. 
Magnification:  X98.  (1915) 
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grains,  from  0.3  to  0.65  mm  in  size,  ranging  from  medium  to  coarse 
sand,  occur.  These  are  cemented  by  argillaceous  and  dolomitic  cal- 
citic  minerals.  It  possesses  the  Camillus  appearance,  which  is 
sufficiently  distinctive  to  be  of  correlative  value,  as  proved  by  sub¬ 
mitting  unlabeled  slides  to  my  students  at  the  University  of  Rochester 
(figure  19  B). 

The  Brayman  is  pyritic.  Cubical  grains  of  pyrite  are  scattered 
through  the  “Brayman,”  especially  at  Schoharie  and  at  Howes  Cave. 
It  certainly  has  been  introduced.  Chalcopyrite  and  celestite  occur  with 
pyrite  at  certain  horizons,  more  particularly  near  the  top  of  the  forma¬ 
tion.  This  secondary  mineralization  is  difficult  to  understand.  Some¬ 
thing  very  similar  is  reported  in  formations  in  Ohio,  Michigan  and 
Ontario.  Consider  the  strontium  ore  in  the  Put-In-Bay  dolomite  of 
Ohio. 

The  celestite-pyrite  zone  (Sheppard,  1835;  Newland,  1921,  p.  282) 
is  interesting.  The  microscope  reveals  beautiful  cubical  forms  of 
copper  bearing  pyrite  and  long  slender  blades  of  celestite.  Calcite 
completes  the  list  of  essential  minerals  (figure  19  A).  All  these 
minerals  are  clearly  secondary  and  have  been  introduced.  An  occa¬ 
sional  grain  of  glauconite  is  found  in  these  beds.  The  strontium 
free  beds  are  indicative  of  shallow  water  conditions,  probably  near  the 
source  of  the  material.  Round  pebbles  of  microcline,  plagioclase  and 
rock  fragments  are  sufficiently  abundant  to  indicate  a  short  trans- 
portational  history  for  these  detrital  grains. 

The  Anhydritic  Lime  Mud-Rocks 

Specimens  from  horizons  stratigraphically  near  the  commercial 
beds  of  rock  salt  all  show  considerable  anhydrite,  if  such  specimens 
are  secured  from  the  mine  shafts.  If  collected  from  the  outcrop  or 
gypsum  quarries  they  contain  gypsum  instead  of  anhydrite.  The 
difference  has  been  discussed  before. 

The  Camillus  that  contains  but  little  anhydrite  is  characteristic  of 
the  whole  formation,  but  carries  this  additional  mineral  in  aggregates 
and  bunches  roughly  parallel  to  the  bedding  plains.  There  appears 
to  be  some  readjustment  in  the  dolomitic  calcite  and  argillaceous 
matters.  The  anhydrite  has  apparently  compelled  the  rock  minerals 
to  make  room  for  it.  There  is  a  little  microfaulting  to  be  seen  and 
other  modifications  indicate  that  the  anhydrite  forced  its  way  into 
its  present  positions.  In  specimens  that  contain  more  anhydrite  this 
readjustment  is  more  pronounced.  The  anhydrite  occurs  in  plumes 
and  in  long  aggregated  stringers  that  twist  and  curve  after  the 
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manner  of  rock  flowage  in  igneous  extrusives.  Pyrite  and  long  wind¬ 
ing  rods  of  carbonaceous  matter  stream  along  parallel  to  the 
anhydrite.  Why  the  anhydrite  should  take  such  a  structure  is  difficult 
to  say.  Clearly  we  are  not  dealing  with  a  simple  matter  here,  for 
some  form  of  subsequent  changes  has  occurred  in  the  rock  (figures 
19  G  to  P  and  20). 

Petrographic  slides  prepared  dry,  so  that  the  soluble  salts  are 
retained,  show,  especially  with  the  use  of  the  oil-immersion  objective, 
small  grains  of  polyhalite ;  carnallite  and  other  potash  rich  salts  were 
determined  with  extreme  difficulty  and  patience.  Hours  of  labor 
were  necessary.  Grains  of  these  substances  were  never  larger  than 
.005  mm  in  size,  and  yet  interference  figures  were  obtained.  Ex¬ 
tinction  angles,  birefringence  and  some  idea  of  the  index  of  refrac¬ 
tion  were  necessary  to  reach  this  conclusion.  It  is  impossible  to  give 
any  estimate  about  the  quantities  present. 

Layers  that  are  composed  to  large  extent  of  anhydrite  present  that 
mineral  in  many  peculiar  and  beautiful  forms,  plumes,  fanlike 
structures,  irregular  aggregates  and  thin  veinlets.  There  has  cer¬ 
tainly  been  considerable  reorganization  of  the  material ;  rather  exten¬ 
sive  epimorphism.  What  the  full  significance  of  this  observation 
may  be,  only  future  work  can  determine.  It  certainly  raises  the 
question  whether  the  calcium  sulphate  was  deposited  as  gypsum  or 
as  anhydrite.  I  do  not  know  which  it  was.  Petrographic  evidence 
leaves  the  way  open  for  either  interpretaton. 

Layers  closely  associated  with  the  rock  salt  show  abundant 
anhydrite  and  veinlets  of  halite.  The  rocks  are  unquestionably  of 
the  Camillus  type.  The  evidence  all  points  to  the  conclusion  that  the 
salt  and  the  Camillus  are  genetically  related.  The  stratigraphic  unit, 
the  “  Syracuse  ”  salt,  is  not  a  feasible  nomenclature. 

The  halite  is  never  free  from  dolomitic  calcite  and  argillaceous 
minerals.  The  grains  of  such  minerals,  imbedded  in  the  salt  appear 
to  be  corroded;  they  possess  concave  surfaces  and  remind  me  of 
the  “  driekanter  ”  pebbles  of  desert  areas.  There  is  evidence  that 
such  masses  are  due  to  corrosion  or  partial  solution,  as  grains  not 
in  the  salt  are  not  affected.  Frequently  these  inclosed  masses  are 
attached  to  each  other  by  rods  and  branching  needles  of  carbonaceous 
matter. 

Red  salt  is  found  in  these  lime-mud  rocks  both  above  and  below 
the  mine  level.  Such  layers  are  relatively  thin.  The  thickest  I  have 
seen  is  about  a  foot.  Specimens  of  this  red  salt  from  the  abandoned 
Greigsville  shaft,  when  dissolved  in  water,  leave  a  scum  and  a  sedi¬ 
ment  of  iron  oxides.  This  material  when  examined  under  the 
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microscope  reveals  long  narrow  rods ;  I  have  been  unable  to  suggest 
any  reasonable  explanation  for  them.  Red  salt  in  other  areas  is 
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Fig.  20  The  portion  of  the  log  of  the  Sterling  shaft  showing  the  beds 
of  rock  salt,  solid  black,  and  the  intervening  lime-mud  rocks;  together 
with  camera  lucida  drawings  of  microscopic  thin-sections  cut  from  speci¬ 
mens  as  indicated.  Both  the  record  and  specimens  were  supplied  by  Mr 
Fetherston  of  the  Sterling  Salt  Company.  Note  the  presence  of  car¬ 
bonaceous  matter  in  three  of  the  drawings,  and  the  abundance  of  an¬ 
hydrite  (not  gypsum).  The  round  “holes”  in  the  section  of  the  rock  salt 
now  being  mined  are  nodules.  Magnification  about  ioo  diameters. 

reported  to  contain  red  algae.  There  is  certainly  ample  proof  that 
organisms  are  not  lacking  in  the  anhydritic  lime-mud  rocks  and  even 
in  the  salty  rocks  directly  associated  with  the  main  salt  beds. 
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The  veinlets  of  reddish  or  brownish  salt  transverse  the  anhydritic 
lime-mud  rocks  often  diagonally  to  the  bedding  planes,  and  show 
very  clearly  that  micro  faulting  has  occurred.  Solutions  of  saline 
matters  filled  these  crevices.  In  the  Retsof  mine  I  have  found  a 
number  of  veins,  several  inches  thick,  of  nearly  pure  recrystallized 
halite  that  cut  the  rock  salt  stratum  in  directions  nearly  at  right 
angles  to  the  bedding.  I  am  confident  that  this  investigation  has 
demonstrated  that  considerable  readjustment  and  resolution  of  much 
of  the  material  now  present  has  taken  place.  I  would  even  go  so 
far  as  to  suggest  that  the  beds  of  rock  salt  themselves  may  have 
been  deposited  where  they  are  today  by  solution  and  reevaporation. 
How  inadequate  the  usual  theories  of  origin  seem  in  the  face  of 
such  possibilities.  The  truth  seems  to  be  that  we  do  not  know  enough 
to  understand  what  has  happened. 

Specimens  taken  from  the  abandoned  Livonia  shaft  at  a  depth  of 
1403  feet,  one  and  a  half  feet  from  the  bottom  of  the  reported 
30- foot  bed  of  rock  salt,  have  been  thin-sectioned.  It  is  of  the 
Camillus  type  of  sediment,  composed  of  dolomitic  calcite  0.003  mm 
in  size.  There  are  semicircular  cavities  from  0.55  to  1.10  mm  in 
diameter  which  have  subsequently  been  filled  with  argillaceous 
minerals,  dolomitic  calcite,  quartz  and  pyrite  grains.  My  interpreta¬ 
tion  is  that  these  cavities  represent  solution  holes  due  to  the  removal 
of  more  soluble  salts.  Detrital  matter  now  occupies  the  spaces  (fig¬ 
ure  19  K).  Under  the  microscope,  with  ordinary  light  conditions, 
the  material  in  these  cavities  is  much  lighter  in  color  than  the  sur¬ 
rounding  rock,  while  under  cross  nicols  the  color  reactions  are 
reversed. 

The  most  illuminating  suite  of  rock  specimens,  sent  to  me  by  Mr 
Fetherston  of  the  Sterling  Salt  Company,  shows  the  actual  conditions 
prevailing  both  above  and  below  the  salt  horizons.  The  suite  com¬ 
mences  37  feet,  2  inches  above  the  mine  floor  and  extends  40  feet, 
10  inches  below.  Some  25  slides,  with  many  duplicates,  have  been 
prepared.  Figure  20  is  an  attempt  to  reproduce  by  drawings  the 
appearance  of  these  rocks  as  viewed  under  the  microscope. 

The  stratigraphic  column  at  the  left  shows  where  the  specimens 
were  obtained.  The  round  a  holes  ”  in  the  minable  salt  are  nodules. 
These  are  about  three  inches  in  diameter  and  occur  imbedded  in  the 
gray  crystalline  salt.  Note  particularly  the  forms  assumed  by  the 
anhydrite,  the  presence  of  pyrite  and  carbonaceous  matter,  and  that 
the  rock  salt  is  not  pure,  but  contains  various  matters. 

A  less  complete  group  of  slides  was  secured  from  specimens  picked 
from  the  rock  dump  of  the  Retsof  Mining  Company.  These  are 
less  significant  in  that  definite  horizons  are  unknown.  Rut  they  tell 
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the  same  story.  Specimens  from  the  Greigsville  shaft  are  similar. 
The  salt  is  in  the  Camillus  type  of  sediment,  not  in  the  Vernon,  and 
is  saturated  with  anhydrite. 

Gypsum  Beds 

Slides  of  the  Camillus,  rich  in  gypsum,  secured  from  gypsum 
quarries  on  the  line  of  outcrop,  show  the  same  type  of  rock;  fine¬ 
grained  argillaceous  lime-mud  rocks  with  secondary  gypsum.  The 
latter  mineral  occurs  as  aggregates  of  fine  flaky  gypsum  occupying 
veinlets  and  irregular  areas,  clearly  made  by  the  growth  of  the 
mineral,  presumably  by  the  hydration  of  anhydrite.  The  beds  now 
being  worked  for  gypsum  obviously  contain  a  large  percentage  of  the 
mineral,  but  in  no  case  examined  did  the  rock  consist  entirely  of 
gypsum.  Calcareous  and  argillaceous  minerals  are  universally 
present.  Carbonaceous  matter,  pyrite  and  a  number  of  very  small 
grains  of  quartz,  feldspar,  mica,  pyroxenes,  amphiboles,  garnet, 
zircons  etc.  can  be  identified  by  careful  examination  with  a  high 
power  objective. 

Specimens  taken  from  mine  breasts,  a  half  mile  from  the  outcrop, 
show  anhydrite,  and  with  greater  depths  below  the  surface  the 
anhydrite  shows  an  ever  increasing  percentage.  Newland  has  already 
noted  this ;  my  observations  are  in  perfect  agreement.  It  is  difficult 
to  prove  that  the  gypsum  has  been  derived  by  the  hydration  of 
anhydrite.  The  microscope  shows  that  gypsum  surrounds  the  grains 
of  anhydrite,  but  the  latter  show  that  they  have  been  enlarged. 
Specimens  from  the  horizon  of  the  commercial  gypsum,  but  secured 
from  the  shaft  of  the  Rock  Salt  Corporation  at  Portland  Point,  north 
of  Ithaca,  show  abundant  anhydrite  grains  in  the  form  of  narrow 
rods,  averaging  o.io  mm  long  and  .01  mm  wide,  which  possess  the 
same  type  of  foliation  and  parallel  to  it  as  the  normal  minerals  of  the 
rock.  But  in  the  specimens  secured  from  the  working  face  of  the 
mines  of  the  Empire  Gypsum  Company  at  Garbutt,  the  anhydrite 
grains  exhibit  plates  whose  directions  are  more  independent  of  the 
foliation  than  the  above,  averaging  0.14  mm  long  and  0.09  mm  wide. 
Large  beautiful  plates  of  gypsum,  in  reality  selenite,  have  been  devel¬ 
oped  as  secondary  matters,  pushing  aside  the  lime-mud  minerals.  The 
plates  of  anhydrite  are  associated  with  the  contacts  of  the  gypsum  and 
the  lime-mud  minerals.  The  evidence  so  far  accumulated  seems  to 
point  to  the  hydration  of  anhydrite  as  the  source  of  the  gypsum  on 
the  outcrop,  but  the  process  is  not  a  simple  one.  Goldman  and  Wells 
(Goldman,  1925,  p.  77)  point  out  that  “the  transformation  of 
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anhydrite  into  gypsum  can  take  place  at  almost  any  temperature  in 
the  presence  of  pure  water,  but  in  the  presence  of  sea  water  it  could 
probably  take  place  only  at  a  temperature  below  30°  C.  and  in  the 
presence  of  a  saturated  solution  of  NaCl  only  at  somewhat  lower 
temperatures.  So  far  as  observations  go,  it  does  not  seem  probable 
that  the  temperature  of  this  transformation  would  be  much  influenced 
by  pressure,  but  it  obviously  is  much  affected  by  the  presence  of 
dissolved  salts.” 

We  secure  the  impression  that  it  is  the  presence  of  water  rather 
than  the  release  of  pressure  that  is  the  determining  cause  (Rogers, 
1915,  p.  123-42;  Gill,  1918,  p.  89-98).  Newland  (1921,  p.  91) 
would  stress  pressure  as  an  important  factor.  Similar  problems  are 
presented  by  the  Manitoba  deposits  (Wallace,  1914,  p.  271)  which 
indicate  that  the  change  is  due  to  several  causes.  I  would  call  atten¬ 
tion  to  the  hydration  as  due  to  surface  waters  reaching  the  anhydrite 
and  this  has  a  relation  to  the  depth  below  the  surface.  In  as  much 
as  pressure  has  a  similar  relation  for  moderate  depths  it  is  seen  that 
both  are  functions  of  depth.  I  would  therefore  urge  caution  before 
accepting  pressure  alone  as  the  important  factor. 

Specimens  secured  along  the  outcrop  which  show,  in  addition  to 
gypsum,  considerable  slumping  and  brecciation,  due  in  part,  I  believe, 
to  hydration  as  well,  frequently  exhibit  beautiful  crystalline  masses 
of  selenite.  These  are  often  clear  and  transparent,  though  inclosing 
dolomitic  calcite,  pyrite  and  other  mineral  masses  common  to  the 
Camillus.  These  selenite  masses  are  not  so  large  as  those  frequently 
found  in  the  Lockport  formation.  Even  in  this  selenite,  stout  crystals 
and  plates  of  anhydrite  occur.  The  anhydrite  appears  to  be 
secondary.  I  can  not  but  feel  that  much  of  the  gypsum  may  have 
passed  through  the  cycle  of  gypsum,  anhydrite  and  gypsum  several 
times,  but  of  course  am  unable  to  prove  it. 

Grainer  Pipe  Scale 

All  of  the  brine  plants  of  the  State  evaporate  some  of  their  brine 
at  least  in  grainers.  Throughout  the  length  of  these  long  rectangular 
shallow  tanks  substantial  steam  pipes  of  metal  are  placed.  As  the 
brine  is  evaporated  for  the  purpose  of  precipitating  the  salt,  calcium 
sulphate  collects  as  a  scale.  This  acts  as  a  heat  insulator  and  lowers 
the  efficiency  of  the  grainers.  Periodically,  every  three  to  five  days, 
the  grainers  are  drained  and  the  scale  is  knocked  and  chiseled  off. 
Every  plant  therefore  has  a  dump  of  grainer  pipe  scale.  Specimens 
from  several  brine  plants  have  been  thin-sectioned. 
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Under  the  microscope  the  material  is  seen  to  be  composed  of  anhy¬ 
drite  crystals  almost  exclusively.  The  scale  from  the  Le  Roy  Salt 
Company’s  pipes  showed  that  all  of  the  calcium  sulphate  was  anhy¬ 
drite.  This  scale  was  taken  from  a  grainer  supplied  with  live  steam 
and  consequently  the  temperature  of  the  pipes  was  high.  Specimens 
from  “dividend”  grainers,  using  exhaust  steam  show  some  gypsum 
interlocking  with  the  anhydrite.  A  little  gypsum  occurs  in  the  scale 
from  the  Remington  Salt  Company,  which  uses  exhaust  steam  from  a 
neighboring  electric  generating  station. 

The  scale  found  in  the  yard  and  considered  by  the  foreman  to  be 
five  years  old  showed  considerably  more  gypsum,  which  clearly  is 
secondary  after  anhydrite. 

The  slides  cut  perpendicular  to  the  pipes  show  a  variation  in  the 
size  of  the  grain.  The  thickness  of  the  scale  averaged  about  one 
centimeter.  At  the  contact  with  the  hot  pipe  the  grains  average  0.04 
by  0.015  mm.  About  0.2  mm  from  the  contact  the  grains  become 
smaller,  averaging  0.03  by  0.01  mm  to  a  point  about  1.0  mm  from  the 
pipe  where  the  smallest  grains  are  found,  0.02  by  0.007  mm-  From 
that  point  they  become  larger  again  at  a  uniform  rate  until  about  0.2 
mm  from  the  outer  surface,  where  the  crystals  are  about  0.05  by  0.02 
mm  in  size.  The  grains  at  the  surface  are  suddenly  very  large  in 
comparison,  0.36  by  0.22  mm. 

The  Bertie 

The  microscopic  studies  of  the  Bertie  series  reveal  striking  similari¬ 
ties  with  the  Camillus.  The  differences  are  slight.  If  the  latter  are 
to  be  emphasized,  the  Bertie  is  a  little  finer  grained,  ranging  from  0.0 1 
to  0.015  mm  (rock  flour  to  superfine  sand)  and  is  lower  in  quartz 
content.  But  the  series  is  not  homogeneous.  The  Scajaquada  and 
the  Oatka  divisions  contain  more  argillaceous  minerals.  The  Fal¬ 
kirk  is  more  dense  and  more  massive.  Petrographically  the 
Camillus,  including  the  anhydrite  lime-mud  rocks  and  rock  salt,  and 
the  Bertie  are  similar.  Have  we  sufficient  basis  for  the  interpreta¬ 
tion  that  they  have  been  derived  from  similar  sources,  have  been 
formed  by  similar  agents,  have  been  deposited  under  similar  condi¬ 
tions  and  have  experienced  a  similar  subsequent  history?  No,  and 
yet  we  can  ask  ourselves:  why  not?  If  we  choose  to  follow  O’Con¬ 
nell,  the  Bertie  is  a  flood-plain  deposit  of  one  or  more  rivers.  But  I 
can  not  accept  this  view  because  O’Connell  has  “  proved  ”  that  the 
eurypterids  lived  in  rivers  during  Bertie  times.  I  do  not  know 
whether  they  did  or  not.  The  view  I  am  inclined  to  accept  at  the 
present  time  is  that  the  Camillus  and  the  Bertie  have  much  in  common. 
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Conclusion 

The  microscope  reveals  much  that  we  did  not  know  about  these 
sediments.  We  see  that  the  nomenclature  as  commonly  employed  can 
not  be  used ;  epimorphism  has  affected  the  sediments,  making  interpre¬ 
tations  more  difficult.  Reorganization,  readjustment,  micro  faulting, 
resolution  and  reevaporation  of  saline  matters  render  definite  conclu¬ 
sions  impossible.  Such  an  examination  demonstrates  that  correlation 
to  a  limited  extent  upon  petrographic  characters  is  possible,  and  yet  it 
does  not  indicate  the  stratigraphic  breaks  which  field  work  would  sug¬ 
gest.  We  must  appreciate  the  fact  that  the  microscope  can  not  solve 
all  the  problems.  Life  of  some  sort  is  indicated  in  all  specimens  ex¬ 
amined;  the  Vernon,  the  Camillus,  even  the  rock  salt,  contain  car¬ 
bonaceous  matter.  Organisms  and  potash  salts  are  present.  I  would 
voice  a  word  of  caution :  we  can  not  theorize  with  any  hope  of  at¬ 
taining  the  truth  until  we  get  more  facts.  The  petrographic  micro¬ 
scope  will  furnish  much  information. 

THE  ORIGIN  OF  THE  SALT 

It  is  my  hope  that  the  reader  has  become  convinced  of  the  complex¬ 
ity  of  the  problem  of  origin.  It  has  not,  however,  been  my  purpose  to 
perplex,  but  rather  to  share  with  the  reader  my  attitude  of  mind. 
If  I  am  not  clear  upon  matters  of  scientific  importance  in  this  investi¬ 
gation  it  is  because  the  scanty  facts  are  conflicting ;  the  theories  are 
inadequate  and  the  proposed  explanations  of  origin  are  confusing  be¬ 
cause  fact  and  theory  are  so  inextricably  interwoven.  The  desire  of 
those  who  write  upon  this  subject  to  reach  a  conclusion  of  apparent 
finality  is  so  natural,  so  human,  that  I  can  not  with  justice  voice  any 
disapproval.  But  still  I  am  convinced  that  scientific  progress  may  be 
hampered  by  such  attempts.  We  would  all  claim  that  our  ideal  is 
truth,  but  alas  it  does  not  always  seem  so.  I  have  found  a  very  real 
obstacle  in  the  preconceived  ideas  of  the  average  geologist.  Our 
scarcity  of  actual  information  has  given  rise  to  the  opinion  that  the 
problem  is  a  simple  one.  I  quite  agree  with  Grabau  in  his  belief 
that  it  is  hopeless  to  arrive  at  the  origin  of  a  salt  deposit  without  an 
exhaustive  study  of  the  formation  in  which  it  occurs.  In  as  much  as 
an  exhaustive  study  has  only  just  begun  I  am  sure  that  definite  con¬ 
clusions  would  be  premature. 

Theories,  however,  have  their  place  in  geologic  thought.  They 
have  a  place  here.  The  advocates  of  any  theory,  however,  would 
set  it  upon  a;  pedestal  and  isolate  it  from  all  the  others  in  order  to 
make  sure  that  we  distinguish  it.  This  removes  the  opportunity  of 
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comparing  one  theory  with  another.  We  lose  the  similarities  and  see 
only  the  contrasts.  The  truth  may  be  that  none  of  these,  or  even 
all  of  these  furnish  suggestions  that  aid  us  in  our  problem.  The 
reader  may  well  say  that  all  of  these  theories  can  not  be  correct.  This 
is  my  first  contention:  That  it  is  customary  to  say  that  the  salt 
originated  according  to  this  theory,  and  not  by  that  theory.  How  do 
we  know  but  that  a  union  of  the  ideas  contained  in  the  contrasted  and 
apparently  conflicting  theories  will  lead  our  thinking  along  the  right 
path?  We  shall  see  how  this  may  be  possible  as  we  now  review 
the  theories  of  origin. 

The  early  geologists  ascribed  to  volcanic  activity  the  origin  of  many 
perplexing  phenomena  as  the  easiest  way  out  of  difficulties.  Sodium 
chloride  can  be  produced  by  such  means.  We  may  be  compelled,  in 
our  ignorance,  to  call  upon  volcanoes  as  a  source  of  chlorine.  To 
undertake  a  discussion  of  this  phase  of  the  problem,  however,  is  not 
the  purpose  of  this  paper.  We  are  tending  in  the  opposite  direction 
today,  and  realize  that  volcanoes,  in  all  probability,  played  no  role  in 
forming  the  salt  of  New  York. 

It  has  been  stated  that  all  deposits  of  salt  have  a  primeval  source  in 
the  sea.  When  sea  water  is  evaporated,  salt  is  precipitated.  It 
makes  little  difference  to  us  here  whether  the  salt  is  derived  from 
modern  sea  water,  a  Salina  sea,  or  connate  salt,  that  is,  sea  salt  locked 
up  in  limestones.  Examination  of  Russell’s  monograph  on  Lake 
Lahontan  (1885),  for  example,  shows  that  the  lakes  in  that  basin 
are  supplied  with  water  from  areas  of  igneous  rocks,  which  consist 
chiefly  of  rhyolites  and  andesites,  and  yet  the  lake  waters,  while  more 
alkaline  than  Great  Salt  lake,  contain  sodium  chloride.  Surely  this  is 
primary  salt  and  not  sea  salt.  I  am  inclined  to  believe  that  this 
general  statement  is  true  when  applied  to  commercial  deposits  of  the 
extent  of  those  here  considered.  Yet  we  ought  to  be  cautious  how  we 
accept  without  qualification  a  statement  of  this  kind. 

Theory  1 

Complete  evaporation  of  an  arm  of  the  sea  would  deposit  salt.  If 
such  sea  water  were  like  modern  sea  water  and  were  evaporated  to 
dryness  without  any  replenishment  during  evaporation,  we  would  ex¬ 
pect  a  thin  layer  of  salt  associated  with  gypsum  and  mother  liquor 
salts. 

Objection  (a)  The  actual  beds  are  thicker  than  a  single  basin  of 
reasonable  depth  filled  with  sea  water  would  furnish. 

Objection  ( b )  The  sequence  of  the  deposits  is  other  than  that 
which  may  be  inferred  from  laboratory  experiments. 
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Objection  (c)  The  mother  liquor  salts  have  not  been  found  in  any 
commercial  amounts. 

Discussion:  What  if  Salina  sea  water  were  different  from  modern 
oceans?  It  is  possible  that  it  would  deposit  less  or  more  salt  and  in 
a  different  sequence.  Perhaps  the  variation  from  laboratory  results 
would  be  so  small  as  to  be  negligible.  This  is  the  usual  implication 
in  applying  this  theory  to  New  York. 

Potash  salts  have  been  detected  in  the  Camillus.  There  is  a  little 
potash  in  the  bitterns  of  the1  salt  plants.  There  is  a  little  variation 
in  the  amount  of  potash  in  bitterns  from  artificial  brines  taken  from 
the  different  salt  horizons.  But  no  systematic  search  for  potash  has 
been  made.  No  extensive  diamond  drilling  has  been  done  with  the 
finding  of  potash  as  the  object.  We  do  not  know  whether  potash  is 
present  in  any  amount  or  not.  It  certainly  is  not  entirely  lacking. 

Theory  2 

Partial  evaporation  of  an  arm  of  the  sea,  isolated  by  a  barrier, 
the  precipitated  salt  covered  by  the  lime-muds  derived  from  sediments 
of  a  sea  which  flooded  the  area  and  removed  the  mother  liquor  salt 
before  their  precipitation  occurred. 

Objection  ( a )  The  thickness  of  the  beds  of  salt  in  New  York  is 
unexplained. 

Objection  (b)  The  sequence  of  the  beds  of  gypsum  and  salt  is  not 
explained. 

Objection  ( c )  The  nondiscovery  of  mother  liquor  salts  is  attributed 
to  their  nonexistence. 

Discussion:  The  theory  implies  that  there  was  no  deposition  of 
marine  sediments  within  the  inclosed  basin  of  the  age  of  the  salt.  If 
the  sea  flooded  the  basin,  burying  the  previously  precipitated  salt, 
we  ought  to  find  marine  sediments  immediately  on  top  of  the  salt  beds, 
not  only  in  New  York  but  in  adjacent  territory.  In  New  York  we 
find  the  Camillus  200-400  feet  thick,  of1  lime-mud  rocks  which  are 
certainly  nonmarine.  In  Maryland,  Swartz  et  al  is  of  the  opinion 
that  the  Wills  Creek  is  the  esturine  and  marine  phase  of  the  Camillus. 
This  is  only  a  partial  agreement  of  the  facts  and  the  theory. 

Theory  3 

Partial  evaporation  of  an  arm  of  the  sea,  isolated  by  a  barrier. 
The  precipitated  salt  concentrated  in  the  low  places  in  the  basin  by 
river  waters,  rains,  or  winds  and  then  buried  by  lime-muds  derived 
from  a  flooding  sea  or  rivers.  This  influx  of  the  sea  would  remove 
the  mother  liquor. 
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Objection  (a)  This  would  require  a  large  though  relatively  shallow 
basin.  The  size  of  this  basin  may  be  prohibitive.  Schuchert’s  pale¬ 
ographic  map  (1910,  p.  68)  would  indicate  a  basin  of  500,000  square 
kilometers,  which  would  give  a  thickness  of  3.3  meters  of  salt  over 
the  entire  area.  Schuchert  (1908,  p.  579)  says  of  his  own  maps  that 
they  “  err  too  much  on  the  side  of  marine  restriction  because  of  the 
loss  of  formations  through  erosion  and  their  obscuring  through 
overlap.”  His  1923  map  (1924,  p.  273,  map  4)  shows  a  larger  area 
than  his  1910  map.  Making  allowance  for  Schuchert’s  suggested 
change  and  concentrating  the  salt  by  secondary  processes,  is  it  possible 
to  secure  a  sufficient  amount  of  salt  ?  It  is  quite  possible. 

Objection  (b)  The  sequence  of  saline  substance  is  different  from 
that  called  for. 

Objection  (c)  The  flooding  of  the  area  by  an  encroaching  sea 
would  be  accompanied  by  clastic  material  over  the  area  flooded.  This 
implies  that  the  Camillus  is  a  clastic  sedimentary  rock,  which  it 
may  be. 

Objection  ( d )  The  incursion  of  the  sea  into  this  area  would  bring 
with  it  the  life  of  the  outer  ocean,  rendering  the  resulting  beds 
fossiliferous. 

Discussion:  The  sequence  of  the  saline  materials  in  New  York 
seems  to  be  from  the  base  up;  anhydrite,  rock  salt,  and  anhydrite. 
The  order  of  events  as  the  results  of  the  processes  here  discussed  can 
not  be  definitely  stated.  Anhydrite  may  well  be  precipitated  first, 
followed  by  salt.  Then  mother  liquor  may  be  removed  by  flooding. 
But  what  would  be  the  sequence  after  concentration  by  river  and  rain 
water,  aided  by  the  wind?  A  reversal?  Perhaps.  A  confusion  and 
lack  of  universality  of  extensive  strata  over  a  large  area  is  more 
likely.  Or  would  there  be  a  complete  reorganization  of  the  salines 
into  definite  beds  in  a  sequence  quite  different  from  the  order  of 
primary  deposition?  That  is  also  possible.  This  latter  suggestion 
agrees  better  with  the  facts.  Will  it  explain  the  lenses  and  lentils 
of  anhydrite  above  the  salt,  which  on  the  outcrop  give  rise  to  gypsum  ? 
Probably  not  as  well  as  theory  4. 

The  fact  that  the  Camillus  is  not  fossiliferous  does  not  of  itself 
discredit  theory  3.  Marine  beds  are  known  which  are  destitute  of 
organic  remains.  The  bulk  of  the  Salina  of  New  York  has  not  been 
investigated  for  paleontological  material.  The  poor  preservation  of 
the  fossils  that  have  been  found  suggests  that  the  shells  have  been 
corroded.  This  suggests  that  the  shells  of  organisms  have  suffered 
decomposition.  It  is  known  that  many  recent  shells  are  composed 
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of  aragonite  and  not  calcite.  Sorby  (1879,  p.  56)  found  that  shells 
composed  of  aragonite  rarely  appeared  as  fossils.  Linck  (1903,  p. 
495)  has  shown  that,  on  evaporation,  calcium  bicarbonate  at  atmos¬ 
pheric  temperatures  precipitated  calcite  but  that  above  6o°  C. 
aragonite  forms.  While  60°  C.  is  probably  too  high  for  the  Salina 
desert,  yet  we  do  not  know  how  the  presence  of  other  salts  would 
affect  the  critical  temperature.  Suppose  it  lowered  it  to  a  figure 
which  it  is  more  reasonable  to  suppose  prevailed?  Cornish  and 
Kendall  (1888,  p.  66)  found  that  carbonated  waters  decomposed 
shells  of  aragonite  much  more  readily  than  shells  of  calcite.  It  seems 
likely  that  other  salts  may  decompose  aragonite.  Let  us  suppose, 
and  we  are  forced  to  assume  this  because  of  our  ignorance,  that 
marine  shells  composed  of  aragonite  were  deposited  in  these  clastic 
sediments.  They  may  have  been  decomposed  by  corrosive  action, 
and  hence  the  beds  became  nonfossiliferous,  not  because  they  were 
not  deposited,  as  is  implied  by  objection  (c)  but  because  of  the 
possible  instability  of  aragonite  in  the  presence  of  saline  substances 
in  the  brine. 

Theory  4 

Partial  evaporation  of  an  arm  of  the  sea,  isolated  by  a  barrier; 
the  precipitated  salt  concentrated  in  the  low  places  of  the  basin,  or 
basins,  by  river  waters  or  winds  and  buried  by  lime-muds  derived 
from  either  a  flooding  of  the  sea  or  by  river  elastics.  Then  an  influx 
of  sea  water  removed  the  mother  liquor,  or  the  concentration  pro¬ 
cesses  segregated  these  rare  salts  in  undiscovered  places  in  the 
Salina  series.  After  burial  the  area  was  cut  off  from  the  sea  and 
evaporation  proceeded  only  until  anhydrite  (gypsum)  was  precipi¬ 
tated. 

Objection  ( a )  The  same  objection  as  (a)  under  theory  3,  namely, 
the  question  whether  the  basin  is  large  enough  to  account  for  the 
amount  of  salt  known  to  exist. 

Objection  ( b )  While  the  theory  may  explain  the  sequence  of  the 
salines,  yet  the  facts  seem  to  be  that  anhydritic  lime-mud  rocks 
make  up  a  good  share  of  the  Camillus.  Anhydrite,  and  the  hydrated 
gypsum  on  the  outcrop,  occur  in  sufficiently  pure  masses  only  in  the 
upper  Camillus  hence  the  erroneous  opinion  that  anhydrite,  usually 
referred  to  as  “  gypsum,”  is  limited  to  horizons  above  the  salt,  a 
condition  more  satisfactorily  explained  by  one  incomplete  cycle  of 
evaporation  followed  by  the  beginnings  of  a  second  cycle. 

Discussion:  The  impregnation  of  the  Camillus  by  anhydrite  may 
be  explained  by  the  modification  of  a  two-cycle  deposition;  by  re- 


NEW  YORK  STATE  MUSEUM 


1 14 

distribution  of  the  salines  by  rivers  and  by  wind,  which  is  implied 
by  this  theory. 

Theory  5 

Partial  evaporation  of  an  arm  of  the  sea,  isolated  by  a  barrier  over 
which,  or  through  a  narrow  channel  in  this  barrier  or  bar,  occasional 
new  supplies  of  sea  water  may  enter.  This,  the  reader  will  recognize 
as  Carl  Ochsenius,  “Bar  Theory”  (1887-88). 

Objection  (a)  To  explain  in  a  satisfactory  manner  the  sequence 
of  salines  the  influx  of  sea  water  must  occur  only  at  specified  times. 

Objection  (b)  The  Karaboghaz  (Karabugas)  gulf,  so  frequently 
cited  as  an  example  of  the  process  called  for  by  the  Bar  Theory, 
is  not  a  complete  illustration.  The  salinity  is  not  high  enough  to 
precipitate  salt.  Near  its  shores  gypsum  crystals  are  forming  while 
in  the  center  of  the  Gulf  sodium  sulphate  is  being  precipitated 
(Kusnetsoff,  1898,  p.  26)  only  during  the  winter  months.  It  is 
essentially  a  sulpho-chloride  bittern. 

Objection  (c)  The  bar  theory  states  that  evaporation  “  takes  place 
only  at  the  surface,  and  the  upper  layers,  thus  becoming  denser, 
must  sink;”  so  by  producing  a  saline  concentration  at  the  bottom, 
the  salinity  of  the  bay  will  gradually  increase  “  until  saturation  is 
reached  and  deposition  of  salt  begins.  So  long  as  salt  water  can 
enter  the  bay  the  process  will  continue,  and  the  depths  of  the  basin 
will  .  .  .  become  a  solid  mass  of  salts  covered  by  a  sheet  of 

bittern”  (Clarke,  1916,  p.  221).  It  is  possible  to  dispose  of  the 
bittern  by  allowing  it  to  dry  up  and  blow  away  or  by  flooding  the 
area,  draining  away  the  brine  and  depositing  it  elsewhere  in  the 
district. 

Yet  the  process  is  in  delicate  balance,  and  warping  of  the  land  or 
the  destruction  of  the  barrier  would  bring  the  deposition  of  salt  to  an 
end.  The  objection  is  that  it  is  of  too  limited  application,  due  to 
its  special  character,  to  be  considered  in  any  serious  manner.  The 
theory  of  Ochsenius  seems  to  imply  a  comparatively  level  bottom 
to  the  inner  basin  into  which  sea  water  can  enter.  If  this  inner 
basin  contained  a  deep  depression,  the  accumulated  salt  would  con¬ 
centrate  there.  The  proper  thickness  of  salt  could  in  this  manner 
be  provided. 

Theory  6 

A  desert  basin,  isolated  from  the  sea,  into  which  rivers  empty 
draining  limestones  which  carry  a  low  percentage  of  salt,  giving  rise 
to  one  or  more  playa  lakes,  which  through  evaporation  deposit  saline 
minerals. 
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Objection  (a)  Playa  lake  brines  in  many  localities  contain  such  a 
large  number  of  salts,  that  the  objection  may  be  raised  that  the  New 
York  salt  is  too  simple,  too  pure. 

Objection  ( b )  Would  playa  lakes  account  for  the  position  of 
gypsum  ?  It  is  possible,  but  it  would  imply  many  variations  in  volume 
of  the  river  water  sources  of  supply,  and  of  temperature  prevailing 
during  deposition. 

Objection  (c)  Would  this  desert  theory  explain  the  presence  of 
the  pelecypod  Ctenodonta  salinensis ,  Ruedemann,  in  the  anhydritic 
Camillus  beds?  If  it  is  a  marine  form  this  objection  is  a  serious 
one.  If,  however,  this  organism  is  a  fresh  water  form  it  could  have 
inhabited  the  rivers. 

Discussion:  Applying  this  to  New  York,  we  find  that  there  are 
many  difficulties  that  still  face  us.  The  theory  seems  from  one  point 
of  view  too  simple  to  be  satisfactory,  from  another  it  entails  many 
disturbing  factors.  How  can  we  explain  the  dry  climate  during 
Salina  times  in  New  York,  Pennsylvania,  Maryland,  Ontario,  Ohio 
and  Michigan?  If  we  assume  westerly  winds,  we  are  confronted  with 
the  problem  of  explaining  away  the  moisture  in  the  atmosphere. 
Consequently  we  may  postulate  easterly  winds,  the  continent  of 
Appalachia  to  the  east,  which  would  extract  the  rain  from  the  clouds, 
and  even  shift  the  geographical  poles  of  the  earth  to  provide  for  a 
change  in  direction  of  the  prevailing  winds.  As  long  as  these  specu¬ 
lations  are  acceptable  to  us,  all  well  and  good.  But  the  moment  we 
entertain  a  doubt  regarding  any  one  postulate  we  find  the  elaborate 
edifice  in  danger  of  collapse. 

Grabau*s  Contentions 

Grabau  who  follows  Walther  (1900;  Grabau,  1909)  has  given 
considerable  thought  to  the  problem  of  the  origin  of  salt,  especially 
of  the  Silurian  of  North  America.  He  does  not  favor  the  theories 
involving  the  complete  evaporation  of  a  body  of  sea  water  cut  off 
from  the  ocean  by  a  barrier,  no  matter  how  narrow  or  wide.  His 
reasons  are  as  follows : 

1  “  Complete  evaporation  of  sea  wafer  furnishes  a  normal  suc¬ 
cession  of  deposits,  beginning  with  gypsum,  followed  by  sodium 
chloride  and  ending  in  potash  salts”  (Grabau,  1913). 

Discussion:  This  is  based  on  (a)  modern  sea  water,  ( b )  labora¬ 
tory  experiments,  (r)  where  no  new  supplies  are  added.  I  feel  con¬ 
fident  that  Grabau's  first  objection  ignores  the  assumption  upon 
which  it  is  based. 

2  "  Later  deposits  should  be  separated  from  the  first  by  layers 
of  detrital  sediment,  for  it  is  inconceivable  that  a  flooding  of  a 


n6 


NEW  YORK  STATE  MUSEUM 


desert  area  by  the  sea  should  be  unaccompanied  by  a  great  spread 
of  clastic  material  over  the  entire  area  flooded  ”  (Ibid). 

Discussion:  Grabau’s  second  criterion  is  not  very  clear.  If  by 
“  later  deposits  ”  he  refers  to  seams  or  beds  of  salt,  he  is  departing 
from  the  succession  as  called  for  by  the  laboratory  experiments  of 
Usiglio.  His  objections  i  and  2  are  in  conflict.  I  would  depart  from 
Usiglio,  but  just  how  far  I  do  not  know. 

I  would  consider  the  rocks  making  up  the  bulk  of  the  salt  zone  as 
clastic  material.  The  layers,  beds,  lenses  or  strata  of  salt  are  sepa¬ 
rated  by  lime-mud  rocks  which  I  regard  as  clastic  in  origin.  Hence, 
I  think  Grabau’s  second  objection  is  not  valid. 

3  “  With  the  incursion  of  the  sea  into  this  area,  the  life  of  the 
outer  oceans  will  also  enter  the  inclosed  sea  to  exist  for  a  while  until 
the  connection  is  broken  and  evaporation  again  renders  the  waters 
too  saline  for  the  existence  of  these  organisms.  .  .  .  Thus  the 
dividing  clastic  layers  would  ...  be  fossiliferous.” 

Discussion:  I  have  discussed  this  objection  before,  (a)  The 
Camillus  is  not  entirely  barren,  (b)  The  relative  scarcity  of  fossils 
does  not  prove  that  organisms  did  not  exist,  for  no  systematic  search 
for  them  has  been  made,  and  furthermore  it  can  be  argued  that 
aragonite  shells  are  decomposed  in  saline  waters. 

4  “  The  sea  being  near  enough  to  flood  the  basin  at  intervals,  con¬ 
temporaneous  marine  deposits,  carrying  the  remains  of  the  normal 
marine  fauna  .  .  .  are  formed  within  a  comparatively  short  dis¬ 
tance  of  the  salt  deposits.” 

Discussion:  Grabau  argues  that  since  there  are  no  marine  forma¬ 
tions  of  the  same  age  of  the  salt  within  a  “  short  distance  ”  of  each 
other  in  the  Salina  of  North  America,  the  bar  theory  does  not  apply. 

In  another  place  will  be  found  Grabau’s  statement  that  “  In  Mary¬ 
land,  the  lower  Monroe  is  represented  by  shales  and  limestones 
commonly  called  *  Salina’;  the  true  Salina  being  absent”  (Grabau, 
1910,  p.  624).  The  discussion  of  correlation  between  adjacent  states 
suggests  that  we  should  question  Grabau’s  opinion  and  hold  that  there 
is  considerable  area  occupied  by  rocks  of  Salina  age  in  the  East 
which  contain  marine  fossils  in  ever  increasing  numbers  in  southwest 
Maryland  (Swartz,  1923,  p.  210).  If  we  can  decide  what  Grabau 
means  by  a  “  short  distance  ”  we  can  decide  whether  Grabau’s  fourth 
objection  to  the  bar  theory  is  valid  or  not.  In  Grabau’s  summary  he 
says  that  “  there  are  no  undoubted  marine  equivalent  deposits  carry¬ 
ing  the  normal  oceanic  fauna  of  the  time  anywhere  within  reach  of 
the  salt  deposits.”  Both  expressions  “  normal  oceanic  fauna  ”  and 
“  within  reach  of  the  salt  deposits  ”  are  puzzling. 


GEOLOGY  AND  ORIGIN  OF  SILURIAN  SALT  OF  NEW  YORK  STATE  II / 


If  I  should  abandon  the  bar  theory  in  accounting  for  the  salt  of 
New  York,  which  I  am  inclined  to  do,  it  would  not  be  on  the  ground 
that  Grabau’s  four  objections  are  valid,  but  rather  that  its  special 
conditions,  while  freely  admitted  as  possible,  are  improbable,  and  that 
other  theories  are  more  likely  to  explain  the  actual  conditions  as  we 
find  them. 

Theory  y 

A  desert  basin  cut  off  from  the  open  sea  by  a  low  bar  or  barrier 
over  which,  or  through  a  narrow  channel  in  it,  periodic  inflow  of 
sea  water  is  possible.  This  desert  basin  is  not  a  level  plain  but 
sufficiently  irregular  to  permit  the  formation  of  semi-isolated  sub¬ 
basins,  separated  from  each  other  by  low  barriers.  During  the  early 
stages  of  evaporation  the  entire  basin  was  occupied  by  sea  water, 
but  as  concentration  continued  the  area  so  occupied  was  reduced, 
so  that  many  separate  bodies  of  brine  would  exist  in  the  desert 
basin.  That  the  supply  of  sea  water  emptied  into  the  marginal 
basins  and  hence  would  overflow  into  the  adjacent  subbasins  which 
had  no  direct  connection  with  the  source  of  sea  water.  Under  this 
conception  adjacent  subbasins  would  be  supplied  with  dense  brine. 
This  theory  would  explain,  according  to  Branson  (1915,  p.  231-42), 
thick  deposits  of  either  gypsum  or  salt  without  the  necessity  oi 
their  being  formed  in  the  same  basin,  in  that  the  gypsum  may  be 
precipitated  in  the  outer  or  marginal  subbasins,  and  the  gypsum 
free  brines  overflow  into  the  adjacent  semi-isolated  subbasins,  and 
there  precipitate  their  salt  content.  Hence  the  gypsum  deposits  lie 
on  the  margin  of  the  desert  basin  while  the  salt  is  in  the  center. 
Furthermore,  thick  deposits  could  be  formed  in  relatively  shallow 
basins,  and  “  fossils  would  be  absent  in  the  salt  and  in  the  sediments 
associated  with  it  for  the  same  reasons  as  with  the  gypsum  ”  (Op. 
cit,  p.  242). 

Objection  ( a )  This  modified  bar  theory,  it  is  claimed,  removes  the 
objections  that  can  be  raised  against  the  more  orthodox  theory.  It 
is  possible  that  subbasins  did  exist  in  the  desert  area,  in  fact,  a  per¬ 
fectly  level  basin  is  less  likely  than  one  with  irregularities  in  its 
surface.  But  it  calls  for  a  series  of  special  conditions  that  are  not 
likely  to  occur  together. 

Theory  8 

An  arm  of  the  sea,  cut  off  from  the  ocean  by  a  bar,  lying  in  a 
rather  deep  basin.  This  inclosed  body  of  water  under  desert  con¬ 
ditions  would  evaporate.  The  stronger  brine  formed  at  the  surface 
by  evaporation  would  sink  to  the  bottom  and  accumulate  there,  so 


n8 


NEW  YORK  STATE  MUSEUM 


that  a  separation  of  the  salt  takes  place  from  the  surface  downward 
to  the  bottom  as  evaporation  proceeded  (Credner,  1887,  p.  317-20). 
By  this  theory  Credner  sought  to  “  explain  ”  the  so-called  “  reverse  ” 
order  of  the  saline  substances,  that  is,  gypsum  overlying  salt.  F.  G. 
H.  Merrill  (1893)  applied  this  hypothesis  to  the  salt  deposits  of 
New  York. 

Objection  ( a )  As  Turrentine  (1913,  p.  11-12)  points  out,  “this 
theory  of  the  concentration  of  saline  waters  really  accounts  only  for 
the  formation  of  concentrated  brines  and  not  for  the  actual  crystal¬ 
lization.  Obviously,  crystallization  does  not  occur  from  saturated 
brine  unless  it  is  chilled,  or  further  evaporated.  Chilling  may  take 
place  in  the  bottom  of  a  lake,  but  evaporation  can  not.” 

Objection  (b)  Under  such  conditions  beds  of  salt  would  be  formed 
overlying  beds  of  gypsum.  Any  influx  of  sea  or  river  water  would 
interrupt  the  process  giving  rise  to  alternations  of  limestone,  salt 
and  gypsum. 

Objection  (c)  The  “reverse”  order  which  Merrill  attempted  to 
explain,  I  take  it,  is  that  of  the  main  salt  beds  and  the  overlying 
gypsum,  now  worked  on  the  outcrop.  There  is  a  series  of  lime-mud 
rocks  several  hundred  feet  thick  separating  these  two  horizons. 
Hence,  a  large  amount  of  introduced  water  would  be  necessary  to 
cause  an  interruption  of  the  process  and  to  account  for  these  inter¬ 
vening  rocks.  Then  as  evaporation  continued,  following  this  inter¬ 
ruption,  the  concentrated  brine  would  sink  to  the  bottom,  and,  if 
Credner’s  theory  continued  to  hold,  salt  and  not  gypsum  would 
precipitate.  But  this  is  not  what  we  find.  If,  however,  Merrill 
had  in  mind  the  alternation  of  anhydritic  lime-mud  rocks  and  the 
commercial  beds  of  rock  salt,  such  a  theory  would  work,  but  so 
would  almost  any  other  theory  since  the  influx  of  sea  or  river  water 
would  bring  about  an  alternation  of  beds.  Thus  if  Credner’s  theory 
is  used  to  explain  the  field  facts  found  immediately  above  and  below 
the  salt  mine  horizons,  it  can  not  be  employed  to  elucidate  the  over- 
lying  gypsum  several  hundred  feet  above.  Furthermore,  I  question 
whether  Merrill  was  acquainted  with  the  nature  of  the  rocks  found 
in  the  salt  mines.  It  is  through  the  complete  suite  of  specimens 
from  the  Sterling  shaft  studied  in  thin  section  that  these  observa¬ 
tions  are  forthcoming. 

If  the  lime-mud  rocks  above  the  rock  salt  and  below  the  com¬ 
mercially  important  deposits  of  gypsum  were  formed  by  such  a 
process,  it  would  follow  that  these  lime-mud  rocks  were  chemical 
precipitates.  This  interpretation  is  not  so  attractive  as  that  they  are 
clastic  sediments. 


GEOLOGY  AND  ORIGIN  OF  SILURIAN  SALT  OF  NEW  YORK  STATE  HQ 

Theory  9 

An  arm  of  the  sea  cut  off  from  the  open  ocean  by  warping  of  the 
land  or  by  some  other  barrier,  and  subject  to  evaporation  under 
desert  conditions,  into  which  flowed  streams  charged  with  lime-muds 
and  salt  derived  from  the  decomposition  of  marine  limestones 
situated  in  their  drainage  basins.  Interruptions  by  fresh  influx  of 
river  waters  caused  alternation  beds  of  salt  and  gypsum.  Upon 
drying,  wind  and  river  water  would  bring  about  a  redistribution  of 
saline  substances  by  the  blowing  of  gypsum  sands  over  the  desert 
area  and  subsequent  leaching  of  more  soluble  substances  by  rain 
or  river  water.  The  deposits  as  we  find  them  may  be  the  product 
of  many  incomplete  cycles  of  evaporation.  The  calcium  sulphate 
in  the  upper  portion  of  the  Camillus  may  thus  belong  to  a  separate 
series  of  cycles  distinct  from  those  which  are  responsible  for  the 
lower  horizons  of  anhydrite  and  rock  salt.  The  process  that  sepa¬ 
rated  these  two  groups  of  cycles  may  have  been  a  fresh  supply  of 
sea  water  from  the  ocean. 

Discussion:  It  can  readily  be  seen  that  elements  of  many  of  the 
foregoing  theories  have  been  incorporated  in  theory  9.  The  bar 
theory  with  modifications,  Grabau’s  so-called  desert  theory,  and 
interruptions  by  influx  of  water  from  various  sources,  have  all  been 
introduced.  We  have  discussed  the  elements  before  as  separate 
matters  but  it  remains  now  to  be  seen  how  this  particular  combination 
would  explain  the  New  York  salt  deposits. 

The  paleontological  evidence  in  the  Lockport  indicates  a  growing 
salinity  of  the  waters  during  Guelph  times.  The  interpretation  here 
accepted  is  that  the  eurypterids  of  the  basal  Vernon  show  an  increase 
in  salinity  of  the  Vernon  over  that  of  the  Guelph.  This  would 
indicate  a  continued  restriction  of  the  connection  with  the  open 
ocean.  We  find,  however,  that  instead  of  a  general  restriction  of 
the  Vernon  and  Camillus  beds  in  the  Lockport  depositional  basin, 
the  Vernon  overlaps  the  Lockport  in  east-central  New  York,  not 
because  the  Lockport  was  eroded,  but  because  that  group  of  rocks 
was  not  deposited.  In  fact,  the  Camillus  overlaps  the  Vernon  in  the 
East  and  probably  does  in  the  West.  Consequently,  it  would  seem 
to  be  a  mistake  to  state  that  the  Vernon  basin  is  merely  a  restricted 
portion  of  the  Lockport  basin.  It  was  a  different  basin.  This 
conception,  I  believe,  needs  to  be  emphasized  more  than  it  usually  is. 
Yet  over  a  portion  of  the  Lockport-Guelph  formations  lies  the 
Salina.  The  contact  is  not  abrupt  but  rather  of  the  nature  of  an 
interlocking.  A  warping  of  the  land  surface  seems  necessary  to 
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account  for  this  overlapping.  If  warping  and  restriction  of  the 
connection  with  the  open  ocean  can  operate  at  the  same  time,  it  may 
be  that  we  can  explain  the  facts  as  we  find  them. 

If  accompanying  this  warping  and  restriction  of  the  basin  we 
postulate  arid  or  desert  conditions,  we  can  account  for  the  desicca¬ 
tion  of  this  body  of  water.  If  desert  conditions  are  necessary  for 
all  of  the  theories  here  passed  in  review,  as  I  am  inclined  to  believe, 
we  can  rightly  question  whether  one  is  quite  justified  in  calling  the 
theory  advocated  by  Walther  and  Grabau  as  the  “  desert  theory.” 

Whether  the  connection  between  the  Salina  desert  basin  and  the 
open  sea  was  abruptly  broken,  or  whether  it  was  intermittent,  as 
suggested  by  the  bar  theories,  is  not  clear.  My  feeling  about  the 
matter  is  that  it  was  eventually  broken.  How  long,  if  ever,  this 
periodic  connection  was  maintained  is,  of  course,  pure  conjecture. 
The  real  difference  between  a  cut-off  arm  of  the  sea  and  a  playa 
lake  under  these  conditions  is  slight.  It  is  conceivable  that  during 
the  early  stages  of  Salina  times  this  connection  was  maintained  after 
the  manner  called  for  by  the  bar  theory,  but  that  at  some  period 
playa  lake  or  lakes  existed  without  receiving  any  replenishment 
from  the  ocean.  These  were  fed  by  streams  or  rivers. 

The  Vernon,  no  matter  what  may  be  its  color,  is  distinctly  an 
argillaceous  sediment  and,  if  we  have  concluded  correctly,  is  a  river- 
mud  deposit.  It  is  likewise  concluded  that  the  Camillus  lime-mud 
rocks  were  deposited  by  rivers,  or  washed  in  by  a  flooding  of  the 
area  by  an  invasion  of  the  sea,  or  by  torrential  floods.  It  is  obvious, 
however,  that  the  argillaceous  muds  of  the  Vernon  and  the  lime- 
muds  of  the  Camillus  are  quite  different,  even  though,  as  here  sup¬ 
posed,  they  are  deposited  by  much  the  same  agents  but  not  the  same 
rivers.  Either  there  were  different  sources  of  these  materials,  or 
the  conditions  of  their  deposition  varied.  If  we  seek  a  source  for 
the  Vernon  muds,  the  best  we  can  do  is  to  postulate  that  they  came 
from  areas  not  underlaid  by  the  calcareous  Niagaran  rocks,  but 
rather  from  shales  and  rocks  that  furnish  muds.  Could  Appalachia 
have  supplied  these?  Are  the  Vernon  muds  the  extension  of  the 
conglomeratic  masses  that  are  known  as  the  Shawangunk?  Some 
geologists  are  inclined  to  this  view.  The  paleontological  evidence  is, 
however,  very  uncertain  about  this.  It  is  quite  certain  that  the 
Vernon  river  deposits  are  limited  in  areal  extent  in  comparison 
with  the  Camillus  elastics.  The  latter  were  derived,  according  to 
theory  9,  from  limestone  areas.  If  the  salt  was  derived  from  the 
same  source,  then  it  would  follow  that  the  Camillus,  the  salt  and 
the  gypsum  were  all  genetically  connected.  Grabau  would  make 
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the  calcium  sulphate  the  product  of  reaction  between  limestone  and 
oxidized  pyrite,  a  theory  I  can  not  accept. 

Evaporation  of  these  playa  lakes,  which  may  have  occupied  more 
than  one  basin,  (and  here  I  introduce  an  element  of  the  theory 
advocated  by  Branson)  would  cause  the  precipitation  of  calcium 
sulphate  either  as  gypsum  or  anhydrite,  as  discussed  above,  and 
followed  by  salt.  But  the  salt  occurs  in  more  than  one  bed.  Sea¬ 
sonal  changes,  various  temperature  conditions  and  influx  of  water 
either  by  contributions  from  the  sea  or  streams  may  thus  bring 
about  periodic  deposition.  Still  at  a  later  stage  in  the  Salina,  addi¬ 
tional  deposits  of  calcium  sulphate  were  deposited.  These  now  form 
the  commercially  important  beds  of  gypsum.  Hence  there  must 
have  been  a  change  of  conditions,  to  end  the  deposition  of  salt,  but 
with  continued  widespread  formation  of  lime-muds  over  the  area 
followed  by  calcium  sulphate.  I  would  express  my  belief  that 
neither  any  form  of  the  bar  theory  nor  the  playa  lake  conceptions 
appear  at  all  satisfactory  to  account  for  this. 

The  Salina  was  brought  to  a  close  by  the  reestablishment  of  a 
connection  with  the  sea,  and  the  return  to  normal  marine  conditions. 
But  it  should  not  be  inferred  that  the  Salina  was  closed  by  the 
reopening  of  the  same  channel  that  closed  the  Guelph.  A  presenta¬ 
tion  of  the  problems  of  paleogeography  of  the  Salina  is  a  matter 
into  which  I  have  not  gone.  So  much  depends  upon  the  correct 
correlation  of  the  Silurian  formations  and  their  fossil  content, 
together  with  their  interpretation,  that  I  have  considered  it  best  to 
omit  such  a  discussion. 

I  can  conceive  that  theory  9  would  answer.  I  can  also  believe 
that  various  other  combinations  would  explain  these  deposits.  I 
feel  very  confident  that  we  are  likely  to  fall  into  the  dilemma  of 
reasoning  a  priori  that  there  are  two  contrasted  theories  to  account 
for  the  salt  and  gypsum  deposits  of  New  York:  the  evaporation 
theories  and  the  desert  theory.  It  ought  to  be  clear  that  no  matter 
which  theory  is  advocated,  both  necessitate  “  desert  ”  conditions  and 
“  evaporation.”  The  bar  theory  is  a  definite  conception.  Further¬ 
more,  it  should  not  be  argued  that  either  this  theory  or  that  theory 
is  alone  possible.  We  should  be  able  to  think  of  more  than  two 
theories  at  the  same  time. 

The  attractions  of  many  of  the  other  theories  lie  in  their  relative 
simplicity.  Complications  have  been  suggested.  I  thoroughly  dis¬ 
approve  of  the  argument,  that,  given  two  theories,  one  of  which  is 
simple  and  the  other  complex,  we  should  by  necessity  choose  the 
simple  one.  My  best  attempts  to  secure  field  and  laboratory  facts, 
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draw  logical  interpretations  from  them  and  reason  about  the  pro¬ 
cesses  which  originated  these  deposits  all  indicate  that  the  origin 
of  the  New  York  salt  is  exceedingly  complex.  But  I  do  not  main¬ 
tain  that,  just  because  I  believe  the  origin  to  be  complex,  I  accept 
the  first  theory  that  possesses  a  good  deal  of  complexity  as  the 
probable  one.  I  would  rather  leave  this  matter  where  it  is,  even 
though  others  as  well  as  I  may  be  disappointed,  than  to  set  out  to 
demonstrate  the  impossibility  of  all  other  theories  and  then  propose 
a  new  one,  for  which  claims  could  be  made  that  this  is  the  only  one 
that  satisfies  the  facts.  The  truth  seems  to  be  that  we  do  not  yet 
possess  enough  facts  to  be  at  all  sure  whether  we  are  in  a  position 
to  discuss,  with  any  hope  of  success,  the  subject  of  origin. 

SUMMARY  AND  CONCLUSION 

When  I  approached  the  problem  of  the  geology  and  origin  of  the 
salt  deposits  of  New  York  State  in  1917,  I  had  some  conception 
of  the  difficulties  involved.  As  the  work  was  continued,  both  in  the 
field  and  in  the  laboratory,  I  became  more  and  more  convinced  that 
the  problem  was  very  complicated.  Of  course,  this  growing  appre¬ 
ciation  of  the  difficulties,  of  the  many  uncertainties  and  the  number 
of  factors  concerned,  is  experienced  by  all  geologists  working  on 
any  problem.  But  in  this  case  the  elements  of  uncertainty  were 
present  to  an  unusual  degree.  For  example,  the  economic  geologist 
has  claimed  this  field  for  himself,  not  because  his  services  were 
needed  in  finding  more  reserves  for  the  salt  companies,  but  because 
salt  is  a  valuable  commodity  commercially.  His  value  and  skill  in 
applied  geology  are  fully  appreciated,  yet  broad  stratigraphic  and 
paleontologic  correlations  are  not,  as  a  rule,  his  forte.  He  has 
accepted  the  classification  of  the  Salina  as  proposed  by  the  New 
York  Survey,  published  in  1912,  and  has  attempted  no  thorough 
revision.  He  has  walked  along  the  mine  levels  in  beautiful  crystal¬ 
line  rock  salt  and  expressed  doubts  that  any  theory  could  account 
for  so  much  salt. 

Fossils  were  scarce  and  poorly  preserved  so  that  paleontologists 
were  not  attracted  to  the  Salina.  They  had  more  attractive  fields. 
The  petrographer  found  no  igneous  rock  to  examine  in  thin  section, 
and  so  left  the  Salina  alone. 

Grabau,  the  student  of  lithogenesis,  applied  Walther’s  observations 
of  desert  phenomena  to  salt  deposition  within  the  State.  This  point 
of  view  was  indeed  needed  and  yet  he  failed  to  distinguish  clearly 
between  fact  and  theory.  Meanwhile  the  young  and  ambitious 
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science  of  sedimentary  petrography  promised  fresh  hope.  Sedimenta¬ 
tion  was  becoming  better  understood.  The  habitat  of  the  eurypterids 
was  hotly  disputed.  Geologists  were  swinging  away  from  the  con¬ 
ception  that  all  sediments  were  marine  deposits ;  deserts  existed  in 
the  past  as  now.  Theories  were  plentiful;  facts  were  few.  The 
salt  deposits  were  considered  continental  in  origin;  the  Vernon  a 
loess  deposit,  and  the  accumulated  salt  a  result  of  desert  conditions. 

Then  a  few  facts  from  the  field,  fossils  in  the  Vernon  and  in  the 
Camillus  and  carbonaceous  matter  throughout  the  Salina,  even  in 
the  salt  itself,  were  found.  The  beds  beneath  the  salt  were  not 
always  red.  Reluctantly  I  abandoned  the  current  opinions ;  opinions 
which,  in  the  minds  of  some,  had  been  transformed  from  theories 
into  accepted  facts,  and  decided,  with  the  students  of  the  salt  domes 
of  the  gulf  states,  to  find  the  facts  before  theorizing.  From  the  start 
I  believed  in  the  doctrine  of  multiple  hypotheses  as  a  guiding 
principle.  I  returned  to  it  on  finishing  my  examination  in  the  field. 

A  study  of  the  New  York  deposits  necessitates  a  review  of  the 
conditions  prevailing  in  adjacent  states.  Hence  some  sort  of  a 
correlation  between  the  Salina  of  Ohio,  Ontario,  Michigan,  Pennsyl¬ 
vania  and  Maryland  with  that  of  New  York  was  attempted.  So  far 
as  I  can  determine,  the  correlation  of  the  Salina  of  New  York  with 
that  of  Ohio,  Ontario  and  Michigan,  together  with  that  of  the  Wills 
Creek-Bloomsburg-McKenzie  of  Pennsylvania  and  Maryland,  is  a 
logical  and  reasonable  one.  Yet  the  Vernon  and  equivalent  beds  are 
probably  peculiar  to  the  New  Y ork-Pennsyl vania-Maryland  district. 
Under  such  a  correlation  two  depositional  basins  are  necessarily 
postulated.  The  Ontario-Michigan  basin  is  probably  the  deeper  of 
the  two  and  lacks  the  argillaceous  sediments  known  as  the  Vernon. 
The  details  of  the  evaporation  and  the  deposition  of  the  salts  differ 
in  the  two  cases.  In  both  basins,  however,  the  salt  is  stratigraphically, 
petrographically  and  genetically  associated  with  and  related  to  the 
Camillus  sediments  of  lime-muds.  In  New  York  they  are  very  fine¬ 
grained  rocks  with  argillaceous  cementing  materials,  while  in  Ontario 
and  in  Michigan  the  Salina  consists  of  dolomitic  rocks  more  akin  to 
the  usual  run  of  magnesian  limestones.  This  fact  prevents  satis¬ 
factory  demarcation  from  the  overlying  Bass  Island  series  of  Lower 
Monroe  age,  correlated  with  the  Bertie-Cobleskill- Akron  group  of 
New  York  and  with  the  Tonoloway  of  Maryland. 

The  two  basins  are  separated  by  the  lack  of  continuity  of  the  salt. 
The  Camillus  is  a  little  thinner  where  it  rests  upon  the  Ontario 
barrier  between  the  two  basins.  The  absence  of  the  Vernon  in  the 
Michigan  basin  is  compensated  for  by  the  thickness  of  the  Bass 
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Island  series.  On  top  of  the  latter  the  Detroit  River  series,  (upper 
Monroe)  of  Devonian  age  occurs,  in  a  similar  fashion  to  the 
wedging-in  from  the  east  of  the  Helderberg  formations  in  eastern 
and  east-central  New  York. 

The  New  York  basin  was  not  produced  by  the  simple  withdrawal 
of  the  Lockport  sea,  as  is  so  often  stated,  for  the  Camillus  in  eastern 
New  York  overlaps  the  Lockport.  There  may  have  been  a  slight 
tilting  during  the  regression  of  the  Niagaran  coral  seas,  a  tilting 
which  continued  into  Vernon  times,  and  which  may  account,  in  part 
at  least,  for  the  fact  that  the  Camillus  overlaps  the  Vernon  as  well. 

The  Vernon  appears,  not  as  a  loess  deposit,  but  as  river  accumulated 
clays  and  fine  argillaceous  muds.  The  character  of  the  Vernon 
suggests  sluggish  streams  draining  areas  underlain  by  shales.  On 
the  outcrop  the  rock  is  red,  but  in  depth  to  the  south  it  is  green  and 
interbedded  with  gray  and  brown  lime-mud  rocks  called  dolomites. 
In  Pennsylvania  and  in  Maryland  the  red  Vernon-Bloomsburg- 
McKenzie  beds  intertongue  with  drab  impure  limestones,  and  in 
western  Maryland  are  not  red  but  gray.  The  open  sea  appears  to 
have  been  to  the  south  of  New  York  where  we  find  marine  sediments, 
with  an  ever  increasing  marine  fauna  in  western  Maryland.  In 
eastern  Maryland  the  beds  equivalent  to  the  Vernon  are  red,  while 
in  western  Maryland  they  give  away  to  arenaceous  beds  which  in 
turn  give  away  first  to  shale  and  then  to  limestone.  The  arm  of 
the  ancient  sea  then  crossed  what  is  today  western  Maryland.  In 
the  northern  extension  of  this  depression  the  New  York  Vernon 
was  deposited. 

Over  both  the  Michigan-Ontario  and  the  New  York-Ohio-Pennsyl- 
vania  basins,  the  Camillus  lime-muds  were  deposited  in  shallow 
lagoons ;  extensive  playa  lakes  with  occasional  influx  of  sea  water 
to  which  lime-muds  were  added  by  streams  draining  areas  of  eroding 
limestones. 

Through  tilting  and  uplifting  the  two  basins  became  separated. 
Toward  the  bottom  of  the  Camillus  in  each  basin,  salt  and  associated 
saline  materials  were  deposited  through  evaporation  under  desert 
conditions.  The  salt  itself  may  have  had  a  number  of  sources : 
from  occasional  influx  of  sea  water  over  a  bar  or  through  a  narrow 
channel  in  such  a  barrier,  or  from  rivers  carrying  salt  in  solution 
derived  from  limestones  undergoing  erosion  outside  of  the  de- 
positional  basins.  Whatever  the  sources,  the  order  of  separation  of 
the  salts  in  these  inland  lakes  was  interrupted  by  new  supplies  of 
water  preventing  complete  evaporation  in  New  York.  Evaporation 
was  more  complete  in  the  Michigan  area.  We  find  gypsum,  derived 
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from  the  hydration  of  anhydrite,  more  widely  distributed  than  the 
salt,  probably  as  overlapping  and  underlapping  lenses.  How  many 
incomplete  cycles  of  evaporations  and  incursions  of  sea  or  river  water 
occurred  I  do  not  know.  Nevertheless  many  small  basins,  each  of 
them  occupied  by  playa  lakes,  seem  probable.  Whether  they  were 
linked  together  after  the  fashion  advocated  by  Branson  is  doubtful. 
Secondary  changes  have  taken  place.  Resolution  of  deposited  salt 
and  redistribution  of  the  gypsum  may  have  occurred  as  well.  Cer¬ 
tainly  no  well  founded  conclusions  can  be  drawn  from  the  relative 
positions  of  the  salt  and  the  gypsum  as  they  are  found  today.  I 
would  suggest  that  perhaps  all  of  the  salt  of  New  York  State  is 
secondary  in  origin,  redeposited  by  the  evaporation  of  a  secondary 
solution  of  saline  materials  derived  from  a  number  of  different 
sources,  as  above  enumerated. 

As  these  basins  were  filled  by  the  Camillus  lime-muds,  the  barrier 
between  the  two  basins  was  covered,  and  we  find  the  Camillus  physic¬ 
ally  connecting  the  two;  gypsum- (anhydrite)  bearing,  but  with  no 
commercial  salt  in  its  upper  portions. 

Such  a  conception — and  note  it  is  only  a  picture  drawn  from  a 
few  fragments  and  in  all  probability  poorly  interpreted — does  not 
state  that  I  accept  a  definite  theory  for  the  origin  of  the  salt.  After 
ten  years  with  this  problem  my  attitude  of  mind  seems  to  be  that 
better  progress  can  be  made  if,  instead  of  discussing  the  bar  theory 
or  Grabau’s  views  as  such,  we  consider  as  many  conditions  as  we  can 
under  which  salt  may  have  accumulated  during  Salina  times.  And 
then  we  should  not  seek  to  reach  the  conclusion  that  this  theory  or 
that  theory  alone  is  satisfactory.  We  simply  do  not  possess  suffi¬ 
cient  data  to  know  how  the  State  of  New  York  got  all  its  salt.  Yet  I 
can  well  appreciate  the  fact  that  the  reader  may  be  looking  for  a 
definite  statement  regarding  these  deposits.  In  answer,  allow  me  to 
offer  this  final  statement  of  my  belief  as  it  stands  at  the  present  time. 

The  brines  were  evaporated  under  desert  conditions  in  basins 
separated  from  the  open  sea  by  a  bar  or  barrier  of  some  sort. 
Evaporation  was  never  complete;  there  were,  in  all  probability,  a 
number  of  incomplete  cycles,  interrupted  by  influx  of  sea  and  river 
waters.  The  sources  of  the  saline  matters  may  have  been  several ;  sea 
water  and  the  marine  limestones  undergoing  erosion  outside  of  the 
basins  of  deposition. 

This  statement  does  not  recognize  the  various  theories,  such  as  the 
“evaporation”  theories,  the  “desert”  theory,  or  the  “bar”  theory,  as 
such,  for  the  salt  must  have  originated  by  evaporation  under  desert 
conditions  behind  a  bar  or  barrier  separating  the  basin  or  basins  from 
the  sea. 
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